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REVIEW of the literature does not 
support the general impression that 
fractures of the ribs are unimportant 
and of little significance. Careful 

studies by those interested in the subject have 
shown that to to 20 per cent of patients with 
fractured ribs associated with pleural or lung 
complications die of their injuries (6, 8, 14). 
Three hundred and fifty-seven patients with 
rib fractures were admitted to the Medical 
College of Virginia Hospital from January, 
1940 to July, 1948. There were pleural, lung, 
or cardiac complications in 149 cases. Forty- 
one died of their injuries and in 28 patients, 
1g per cent, the cause of death was related 
primarily to the lung. There were no deaths 
in the group of patients with fractured ribs 
unaccompanied by pleural or lung complica- 
tions attributable to the thoracic injury. The 
mortality, morbidity, and pain of rib frac- 
tures deserve serious consideration by the 
surgeon who treats this type of injury. 

The treatment of fractured ribs has not 
been changed by newer concepts of thoracic 
physiology, better anesthesia, antibiotics, and 
chemotherapy. The usual treatment of this 
injury at the present time was described by 
Malgaigne (11) in 1859. Except for blocking 
of intercostal nerves with novocain to relieve 
pain practically no contributions have been 
made to the subject during the past century. 

Direct force produces a fracture of the rib 
at the site of violence. Indirect force may 
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lead to fracture of the rib distant to the site 
of impact and the rib gives away at the point 
of maximum convexity, usually near its angle. 
Both forces may operate to produce multiple 
fractures of a single rib or ribs, ‘‘stove-in 
chest.’’ Incomplete fractures and complete 
fractures unattended by rupture of the perios- 
teum seldom show either displacement or in- 
jury to the pleura or lung and in some in- 
stances may not be demonstrated by x-ray 
examination. Displacement of fracture frag- 
ments depends primarily upon the acting 
force. Overlapping of fragments is common 
in fractures involving mutiple ribs. 

Injury to the lung is a common result of 
fracture of the ribs. Westermark found roent- 
gen changes in the lung in 86.7 per cent of 
patients with chest injuries associated with 
rib fractures. In our series of 15 operations 
for fractured ribs herein reported, contusion 
or laceration of the lung was invariably pres- 
ent. A contused wound may show only mini- 
mal hemorrhage in the lung adjacent to the 
fracture site, but in severe trauma to the 
chest associated with multiple rib fractures, 
an entire lobe may show hemorrhagic con- 
solidation. The lung, heart, or abdominal 
viscera may suffer extensive laceration by an 
in-driven rib fragment which recoils to its 
normal position and the roentgenogram may 
be misleading. The parietal pleura always 
shows extensive lacerations in displaced frac- 
tured ribs. The visceral pleura is often torn 
by the serrated edge of the inwardly displaced 
fracture fragment which usually lies within 
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the pleural cavity. Pneumothorax is a fre- 
quent result. Air escapes into the thoracic 
wall by way of the defect in the parietal pleura 
leading to subcutaneous emphysema and oc- 
casionally mediastinal emphysema. Emphy- 
sema is conclusive evidence of lung injury. 
Fractured ribs with displacement are usually 
accompanied by some degree of intrapleural 
hemorrhage. Complete laceration of from 
3 to 6 intercostal arteries in 3 patients with 
extensive rib fractures did not disclose active 
bleeding from the severed arteries at the time 
of operation, although all showed massive 
accumulation of intrapleural blood. One pa- 
tient showed at operation persistent bleeding 
from the pulmonary artery which had been 
partially severed by an in-driven rib frag- 
ment. Laceration of major branches of the 
pulmonary artery and incomplete lacerations 
of intercostal arteries are likely to lead to con- 
tinued bleeding into the pleural cavity. Ex- 
perimental (3, 4) and clinical (1, 2, 14) obser- 
vations show that trauma to the chest wall 
produces bronchospasm and increased bron- 
chopulmonary secretions. Increased pulmo- 
nary secretions, presence of blood in the 
bronchial tree, bronchospasm, and an ineffec- 
tive cough lead to bronchial obstruction and 
the development of atelectasis. If this com- 
plication is not recognized and treated, it may 
terminate in a traumatic pneumonia. 

The preservation of negative intrathoracic 
pressure is dependent upon the integrity of 
the chest wall. In severe crushing wounds of 
the thorax, ‘‘stove-in chest,” the support of 
the ribs is lost. A large segment of the chest 
wall is depressed during inspiration and forced 
outward during expiration, paradoxical respi- 
ration (Fig. 1). A normal negative intra- 
thoracic pressure cannot be maintained which 
may lead to inadequate cardiac filling and a 
picture of shock. Positive pressure hemo- 
thorax or pneumothorax and compression of 
the heart by intrapericardial hemorrhage may 
act in a similar manner. Increased broncho- 
pulmonary secretions interfere with the pas- 
sage of air to the alveoli and the presence of 
an increased amount of fluid in the alveoli 
interferes with the absorption of oxygen. 
Lung function is further reduced by hemor- 
rhage into the alveoli, flail chest wall, atelec- 
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tasis, muscle spasm of the abdominal and 
chest walls, rupture of the diaphragm, and 
the presence of blood or air in the pleural cav- 
ity. The functioning pulmonary tissue may 
be reduced to such a degree that adequate 
oxygenation of the blood is impossible. 


TREATMENT 


In multiple rib fractures it is essential to 
diagnose accurately the pathologic condition 
present and to recognize its effect on the car- 
diorespiratory mechanism. Cyanosis, hypo- 
tension, respiratory difficulty, and restless- 
ness may frequently be relieved by aspirating 
blood and mucus from the tracheobronchial 
tree with a catheter. The relief is dramatic, 
and irrespective of the mechanism of shock 
the establishment of a clear airway is the first 
step in correcting altered physiology. Dis- 
tention of the neck Veins is indicative of a rise 
in venous pressure and the underlying pathol- 
ogy may be compression of the heart by blood, 
a tension pneumothorax or hemothorax, or a 
mediastinal emphysema. Decompression of 
the pericardium or pleural cavity may neces- 
sitate needle aspiration or thoracotomy. In 
the presence of a depleted blood volume inter- 
ference with the functioning pulmonary tissue 
by intrapleural blood or air leads te further 
inadequate oxygenation of blood and con- 
tributes to existing shock. Recovery from 
shock is aided by aspiration of the blood or 
air from the pleural cavity. The degree of 
blood volume depletion appears to have been 
underestimated in fractured ribs, for opera- 
tions have revealed extensive soft tissue hem- 
orrhage and edema of the chest wall. Blood 
is used to restore blood loss, but with a wet 
tracheobronchiai tree its too rapid administra- 
tion may overload the embarrassed circulatory 
system and contribute to the development 
of pulmonary edema. Rapid bleeding into 
the pleural cavity occasionally demands a 
thoracotomy in the presence of shock. 

The pain associated with either single or 
multiple rib fractures is of no little concern 
to the patient. Ingenious methods of immo- 
bilizing the thorax and the administration of 
opiates have been used up until recent years 
to control this symptom. Immobilization of 
the thorax by any type of strapping is un- 
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Fig. 1. 
—paradoxical respiration. 


physiologic in approach, intolerable to some . 
patients, invites further complications by 
causing more displacement in multiple rib 
fractures, and seldom relieves pain. Com- 
pression of the thorax by strapping restricts 
the function of the lungs by limiting the in- 
spiratory excursions. Cough becomes inef- 
fective in that it lacks its propulsive force. 
Opiates in sufficient dosage to relieve pain 
depress the cough reflex and lead to retention 
of secretions. In 1933, Latteri recommended 
injection of intercostal nerves with alcohol 
for the relief of chest wall pain. Injection of 
intercostal nerves with 1 or 2 per cent solu- 
tion of novocain will relieve the pain for a 
period of from 2 to 4 hours in the majority of 
cases with simple rib fractures; however, it 
has been our experience that repeated blocks 
are often necessary. Intercostal nerve block 
relieves pain, aids in establishing an effective 
cough, improves the ventilatory capacity of 
the lung, and promotes bronchopulmonary 
drainage by apparently abolishing the reflex 
mechanism responsible for bronchospasm and 
increased secretions. Whenever pain is a fac- 
tor in the treatment of fractured ribs, we rec- 
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Displacement of fractured ribs inward during inspiration and outward on expiration or cough 


ommend blocking of the intercostal nerves. 
Simple and uncomplicated rib fractures have 
little indication for treatment other than 
nerve block therapy; however, there are com- 
plete and multiple rib fractures with and 
without complications in which a more logical 
attack is needed to relieve pain, stabilize the 
chest wall, correct deranged physiology, and 
alleviate or prevent complications. 
Reference is made in the literature (7) to 
wiring of fractured ribs; however, we are un- 
able to locate the application of the principle 
to any group of patients other than wiring of 
rib fractures associated with traumatic thora- 
cotomies (15). Good anesthesia, antibiotics, 
and chemotherapy have made it safe and prac- 
tical to approach the sites of rib fractures 
deliberately and stabilize the thoracic cage. 
Indications for wiring of rib fractures. Mul- 
tiple rib fractures associated with paradoxi- 
cal motion of the chest wall constitute one of 
the most serious thoracic injuries. Civilian 
and war experience (5, 7, 13) have attached 
an unfavorable prognosis to this type of in- 
jury even in the absence of a torn lung or 
hemorrhage. In some cases, restoration of 
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the integrity of the chest wall is essential to 
the maintenance of intrathoracic physiology 
compatible with life. External skeletal trac- 
tion (9), Drinker respirator (7), and strapping 
of the thorax have been used to correct para- 
doxical chest wall motion. Skeletal traction 
is cumbersome and usually ineffective. We 
have not used the Drinker respirator. The 
contraindications to compression of the flail 
chest wall are obvious. Eleven patients with 
multiple rib fractures associated with vary- 
ing degrees of shock and paradoxical chest 
wall motion have been subjected to internal 
fixation of the fracture sites by wire. Dis- 
turbed physiology of the thorax was immedi- 
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M. PECTORALIS MINOR. 


Fig. 2. Surgical approach to fractures of upper five ribs anterior to the midaxillary 


ately corrected. Known and unsuspected 
complications were encountered and treated 
at the time of operation. Pain was immedi- 
ately abolished other than the discomfort 
arising from the soft tissue surgical wound. 

Complete fractures of the lower six true 
ribs anterior to the rib’s angle are prone to 
develop displacement or mobility on cough, 
and intercostal nerve block is not satisfactory 
for the control of pain in such cases. Pulmo- 
nary emphysema adds to the difficulty of 
conservative treatment. Although our ex- 
perience is limited to 4 patients with fractures 
of 3 to 4 ribs in this location, internal fixation 
by wire yielded gratifying results. 
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Fracture of the ribs associated with evi- 
dence of bleeding into the pleural cavity, ex- 
tensive lung lacerations, tension pneumotho- 
rax, mediastinal emphysema, and an early 
extensive subcutaneous emphysema frequently 
demand operation. The ribs are wired when 
correcting the intrathoracic complication. 

Technique of internal fixation. Fractures of 
the upper five ribs anterior to the midaxillary 
line are best approached by an anterior type 
of incision. Elevation of the pectoralis major 
muscle gives excellent access to wiring either 
the ribs or costal cartilages (Fig. 2). Frac- 
tures involving the upper five ribs posterior 
to the midaxillary line are approached through 
a parascapular incision and the trapezius and 
rhomboid muscles are divided in a line with 
the skin incision. Fractures of ribs six through 
ten are accessible to exposure by placing the 
skin incision over the sites of fracture. If 
ribs six through ten are fractured anteriorly 
and posteriorly an excellent exposure is ob- 
tained by making a U shaped incision. The 
skin, subcutaneous tissue, and latissimus dorsi 
are turned upward (Fig. 3). A combination 
of these approaches may be used for expo- 
sure of fractures of all ribs. 

Permanent fixation of fractured ribs can- 
not be accomplished by simple on-end wiring 
in that respiratory excursions and cough soon 
lead to fragment dislocation. The fragments 
must be fixed in two planes. Three methods 
of internal fixation by wire have been found 
dependable and adaptable to any type of rib 
fracture (Fig. 4). Oblique fractures of the 
ribs are infrequent, but stability can be at- 
tained by on-end wiring accompanied by a 
second wire suture placed in a circumferential 
manner. Transverse fractures of the ribs are 
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Fig. 3. Surgical exposure of anterior and posterior frac- 
tures involving ribs six through ten. The musculocutane- 
ous superior flap is reflected upward. 


immobilized by either overlapping the frag- 
ments or by an on-end approximation over a 
bone peg. Overlapping of fragments leads to 
shortening of the rib and this method is not 
adaptable to multiple fractures of a single rib. 
Intramedullary pegging of transverse rib 
fractures accompanied by on-end wiring with 
No. 28 stainless steel wire leads to sturdy fixa- 
tion capable of withstanding respiratory ex- 
cursions and the efforts of cough. Drill holes 
are made through the ribs 2 centimeters from 
the ends of the fragments. A suitable peg of 
cortical bone 3 centimeters in length is cut 
from the superior margin of a neighboring 
healthy rib. After tunneling the medullary 
cavity of the fracture fragments with a hemo- 
stat, the bone peg is introduced and the frag- 
ments are approximated over the bone graft 


Fig. 4. Internal fixation of fractured ribs. a, On-end 
wiring of oblique fractures accompanied by a circumfer- 
ential wire. b, Fixation of transverse fractures by wiring 


overlapped fragments. c, Intramedullary pegging of 
transverse rib fractures accompanied by on-end wiring, 
preferred method of fixation in this type of fracture. 
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by drawing taut the previously placed wire 
ligature. The wire maintains the alignment 
of the fractured rib in the longitudinal axis 
while the bone peg prevents dislocation in a 
transverse plane. Additional support to the 
site of fixation can be accomplished by bridg- 
ing the intercostal bundles either over or un- 
der the fracture with interrupted sutures of 
cotton. This added support is of importance 
to the fixation of cartilage fractures. Exten- 
sive stripping of the periosteum from the ends 
of the fracture fragments is unnecessary and 
also contributes to delayed union of the frac- 
tured rib. 

Results—internal fixation by wire. Fifteen 
patients with multiple rib fractures have been 
treated by internal fixation of the fracture 
sites with wire. Frequently, numerous ribs 
were fractured in more than one place. The 
average number of ribs wired was 6. The 
most extensive procedure consisted of wiring 
16 ribs. Shock was present in 8 patients on 
admission to the hospital. Concomitant in- 
juries were present in 10 of the 15 patients. 
Two deaths in the group cannot be attrib- 
uted to the method of treatment in that one 
died of delayed rupture of the spleen while 
the other died of acute renal failure, “‘crush 
syndrome.” The average period of hospital- 
ization for the 15 patients operated upon was 
14.9 days. This compares favorably with the 
group of 357 patients (previously mentioned) 
treated by conservative methods with an 
average hospital stay of 16 days. We were 
impressed by the striking decrease in morbid- 
ity of the serious crushing wounds which were 
treated by internal: fixation of the fractured 
ribs. 

On-end wiring accompanied by intramedul- 
lary pegging of the fragments led to perma- 
nent fixation of transverse rib fractures. Sta- 
bility and alignment were maintained by the 
described method of treating oblique rib frac- 
tures. Callus formation was not delayed by 
any method of internal fixation and bony 
union paralleled that observed in conserva- 
tively treated rib fractures. We have had no 
instances of wound infection, osteomyelitis, 
or postoperative pneumonia. The late devel- 
opment of chest wall pain has not been ob- 
served to date. The operative hemithorax 


shows no crippling of the diaphragms by adhe- 
sions and no restriction of respiratory activity. 


CONCLUSIONS 


1. A comprehensive knowledge of the path- 
ology and thoracic physiology is essential in 
the successful treatment of rib fractures. 

2. The treatment usually employed in the 
management of fractured ribs consisting prin- 
cipally of strapping the chest or other meth- 
ods of immobilization is not only futile but 
may be extremely harmful. Intercostal nerve 
block with novocain gives only temporary 
relief of pain. 

3. Severe pain, paradoxical motion of the 
chest wall, instability of fracture fragments 
of the lower six true ribs, or certain pleural 
and lung complications are imperative indica- 
tions for internal fixation of fractured ribs 
by wire. 

4. Stable and sturdy fixation of transverse 
or oblique rib fractures can be attained by fix- 
ing the fracture fragments with wire or with 
wire and a bone peg. 

5. The results of wiring fractured ribs in 15 
cases have been extremely favorable and lend 
encouragement to the broader application of 
what appears to be a logical method of treat- 
ment. 
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CARCINOMA OF THE CERVIX 


Statistical Evaluation of 1,938 Cases and Results of Treatment 


JOHN McL. MORRIS, M.D., and JOE V. MEIGS, M.D., F.A.C.S., Boston, Massachusetts 


EXT to carcinoma of the breast, 
carcinoma of the uterus is the com- 
monest malignant lesion of women. 
Figures from the National Office of 

Vital Statistics show that in the years 1942 to 
1944 this disease was responsible for 19.3 per 
cent of all female deaths from cancer. In these 
same years it was responsible for 2.5 per cent 
of all female deaths from any cause in the State 
of Massachusetts. Based on morbidity re- 
ports, the New York State Department of 
Health (20) estimates the probability of a 
woman developing cancer of the uterus (endo- 
metrium and cervix) from birth to death as 
being 3.562 per cent. For the cervix alone this 
figure is given as 2.196 per cent. 

The exact incidence of cancer of the uterine 
cervix is difficult to ascertain statistically be- 
cause this is so often poorly differentiated from 
cancer of the endometrium in vital statistics 
(18). As an example, of 570 patients in this 
series with residual carcinoma when last seen, 
carcinoma of the cervix was specifically men- 
tioned in the death certificate in only 331 
cases, or 58 per cent. In 202 cases the uterus 
was mentioned but not the cervix, and in 37 
another primary site was given or the death 
ascribed to carcinomatosis. The ratio of can- 
cer of the cervix to caricer of the endometrium 
as given by various observers may be found in 
Table I. It is probably safe to assume that 
somewhere in the neighborhood of 80 per cent 
of the incidence figures for cancer of the entire 
uterus are cancer of the cervix. 

In this article a statistical review is made of 
the experience of the Massachusetts General 
Hospital, the Collis P. Huntington Memorial 
Hospital, and the Pondville Hospital (Massa- 
chusetts Department of Public Health) in the 
treatment of this disease during the years 1927 


From the Massachusetts General Hospital, Pondville Hospital 
(Massachusetts Department of Public Health), and the Hunt- 
ington Memorial Hospital. 


to 1942. During this period 1,938 primary 
cases of carcinoma of the cervix were seen. 
Cases previously treated elsewhere and cases 
in which it was impossible to be certain of the 
origin of the growth (endometrium, vagina, 
etc.) were not included, nor were the carci- 
noma in situ lesions. With regard to the latter, 
review of the histological sections of the earlier 
years revealed a number of cases originally 
described as invasive which proved to be 
“intraepithelial” and were therefore elimi- 
nated. It has been our general policy to per- 
form total hysterectomy in cases of carcinoma 
in situ, but, with any of the methods of treat- 
ment used, there have been no recurrences to 
date in this group. 

While the statistics were complied entirely 
separately from each of the three hospitals, 
they have been grouped as a unit because the 
figures were strikingly similar in almost all 
instances, and because there was considerable 
overlap in the surgical staffs involved in the 
care of these patients. The surgeons who had 
the principal responsibility for their treatment 
were Drs. Lincoln T. Davis, George A. Leland, 
Joe V. Meigs, Langdon Parsons, Charles L. 
Swan, and Somers H. Sturgis. 


FACTORS RELATED TO INCIDENCE 


No startling observations were made in the 
various factors related to incidence of cancer 
of the cervix, but some of the variables en- 
countered will be briefly discussed. 


TABLE I.—RATIO OF CANCER OF CERVIX 
TO CANCER OF ENDOMETRIUM 


Per cent 


No. of cases cervix cases 

421: 145 74.3 
Graves and Mezer.............. 1,668: 475 77.8 
Donnelly and Bauld............ 664: 177 78.9 
Smith, Smithwick, and Rogers... 550: 101 84.4 
Pack and Le Fevre............. 2,134: 233 go.2 
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TABLE II.—AGE INCIDENCE 


years No. of cases Per cent 


1,938 100.0 


Age. The age at the time of the first visit 
or admission is given by 5 year periods in 
Table II. In the years covered by this study 
there were no patients younger than 20, al- 
though 1 case occurred in a 17 year old patient 
in a subsequent year (M.G.H. No. 472873). 
More than a third of the cases occurred in 
patients in the decade between 45 and 55 
years old, and two-thirds between the ages of 
40 and 65. The average age was 51 years. 
This is slightly higher than the figure given in 
most reports, but may perhaps be explained 
by the relatively large number of advanced 
cases in this series. 

Menopause status. While the average age of 
patients with carcinoma of the cervix is about 
5 to 7 years younger than women with carci- 
noma of the endometrium, the disease is not 
so commonly premenopausal as is sometimes 
thought—in fact the majority of the patients 
in this series were postmenopausal. 

It has been postulated that the changes in 
the hormonal pattern at the time of meno- 
pause may play a role in the increased inci- 
dence of certain cancers at this age (17). In 
this study we were unable to correlate the age 
of the patient at menopause with the age at 
which cancer of the cervix appeared—one of 
the difficulties, of course, being the artificial 
menopause produced by treatment. Exclud- 
ing the effect of treatment, however, there was 
some suggestion that the younger women with 
cervical cancer had an increased incidence of 
early menopause, but there did not appear to 
be an increased incidence of late menopause 
in the older group. 


TABLE III.--MENOPAUSE STATUS 


No. of cases Per cent 
Before menopause............ 710 36.6 
During menopause or unknown 176 Q.1 
After menopause............. 1,052 54.3 
1,938 100.0 


Parity. There is no question that women 
with cancer of the cervix have a higher parity 
rate than that of the general population. In 
this series it was 84 per cent as compared with 
a figure from the female population, aged 35 
to 74 years, of 68.9 per cent (estimated on the 
basis of the 1940 census). This is generally 
accepted to be an etiologic factor on the basis 
of the laceration and resultant irritation of the 
cervix. The intensive hormone stimulation 
during pregnancy may also be implicated. 
However, in the biometric analysis of data in 
which multiple variables are involved it is 
necessary to eliminate the effect of the mixing 
of these variables to avoid fallacious con- 
clusions. For example, in these patients, is it 
factors related to parity such as birth injuries, 
the number of deliveries or miscarriages, or 
the interval between pregnancies, or is it fac- 
tors related to the marital status such as age 
at first marriage, total years of marriage, or 
use of contraceptive methods that are im- 
portant in etiology? 

A most interesting analysis of this sort by 
Lombard and Potter (12) of the Massachusetts 
Department of Public Health, based on a 
study of 549 cases of cancer of the cervix, re- 
veals that while their parity rate was 87.2 as 
contrasted with 68.0 in a control series, this 
was not of etiological significance when bio- 
metric methods of partial association and cor- 
relation were employed. These methods have 
been described by Yule and Kendall and by 
Lombard and Doering (11). The significant 
factors after eliminating the effect of other 
variables were: marriage under the age of 20, 
unrepaired laceration, marriage at any age, 
and syphilis. Of the women with cervical 
cancer 45.4 per cent were married before the 
age of 20, contrasted with 16.2 per cent of a 
control series of 1,509 patients with cancer of 
the breast and a figure of 18.6 per cent for 
Massachusetts during the past half century. 
Lacerations were reported in 31.3 per cent of 
the cases of cancer of the cervix, and in only 
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11.1 per cent of those with breast cancer. Of 
the individuals with cancer of the cervix 96.9 
per cent were married, while only 83.5 per 
cent of those with breast cancer and 83.2 per 
cent of the total U.S. female population (1940 
census) were married. Pack and Le Fevre give 
almost identical figures for marriage incidence 
in their exhaustive study of material at the 
Memorial Hospital in New York. Out of 
2,134 patients with cancer of the cervix 96.5 
per cent were married, and in 2,630 cases of 
cancer of the breast the figure was 84.0 per 
cent. 

Lombard and Potter advance the interest- 
ing hypothesis that an oversupply of hormones 
may stimulate the individual to early marriage 
and may also be a factor in the cause of 
malignancy. 

Syphilis. Several observers have reported 
that the prevalence of syphilis is three to four 
times higher in cancer of the cervix than in 
control groups. Lombard and Potter (12) 
noted positive serology in 8.4 per cent of their 
patients with cancer of the cervix, as con- 
trasted with 2.2 of those with cancer of the 
breast. Belote and Harding report the inci- 
dence of associated syphilis as 15.1 and 15.8 
per cent respectively, but their controls are 
estimated to be in the neighborhood of 5 per 
cent. Levin and associates in upstate New 
York found an incidence of 3.9 per cent in 
white females with carcinoma of the cervix 
and 1.1 per cent in white females with other 
cancers, and Sorba reported 14.1 per cent with 
syphilis among patients who were suffering 
with cervical cancer and an average of 1.6 per 
cent among all types of gynecologic and ob- 
stetric patients. 

There were 141 patients with evidence of 
syphilis in the present series—54 with a defi- 
nite history of lues and the remaining 87 with 
positive serology only—an incidence of 7.3 
per cent. If approximately 250 patients in 
whom the serology was unknown or not done 
were eliminated, this incidence would be 8.7 
per cent. Because of the fact that special 
efforts were undoubtedly made to record any 
positive Wassermanns or to obtain Wasser- 
manns in suspected cases, the first figure may 
be more nearly correct. The incidence of 7.3 
per cent is in any case significantly higher than 
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TABLE IV.—PREVIOUS SUPRACERVICAL 
HYSTERECTOMY 
No. of 
Time of operation cases Per cent 
Within 1 year (or in presence of cancer) 53 2.73 
Within 1-3 years (or presence of cancer 
More than 3 years (or prior to onset of 
143 7-37 


Lombard and Potter’s (12) control figure of 
2.2 per cent from Massachusetts State cancer 
hospitals and tends to strengthen the evidence 
of the relationship of syphilis to cancer of the 
cervix. 

The significance of this relationship is diffi- 
cult to evaluate. In a discussion of the various 
hypotheses, Levin and associates rule out age, 
color, marital status, arsenical therapy, high 
miscarriage rate, and false positive Wasser- 
mann reactions as explanations. Barring some 
unrecognized factor of selection, they suggest 
that ‘‘tissue changes resulting from syphilitic 
infection may, under favoring circumstances, 
initiate the process of carcinogenesis.’’ They 
also make the important practical point that 
in women who have had syphilis a special 
effort should be made toward early discovery 
of cervical cancer by examination at least twice 
a year. 

Previous gynecological surgery. Supracervi- 
cal hysterectomy appears to be the commonest 
major surgical procedure to which women de- 
veloping carcinoma of the cervix have been 
subjected. Table IV includes the 143 cases of 
carcinoma of the cervical stump occurring in 
this series, an incidence of 7.4 per cent. 

The figures showing the number of patients 
operated on in the presence of cancer indicate 
that in the years 1927 to 1942 some surgeons 
either failed to recognize carcinoma of the 
cervix or else treated it improperly. Those 
giving the number of patients subjected to 
surgery prior to the onset of cancer suggest 
that the incidence of carcinoma of the cervix 
could have been reduced by somewhere be- 
tween 4 and 5 per cent by substituting total 
for subtotal hysterectomy. 

As the probability rate of a woman’s de- 
veloping cancer of the cervix is between 2 and 
3 per cent it would perhaps exceed the mor- 
tality rate from prophylactic hysterectomy in 
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TABLE V.—RELATION OF DURATION OF SYMP- 
TOMS TO 5 YEAR SURVIVAL AND TO STAGE 


. Five year cures 

months Number | Per cent 
Asymptomatic 8 5 (62.5)* 2] 3 2 ° 
Less than 1 08 26 26.5 23} 41| 28| 6 
1-2 327 78 23.9 41 | 160 ‘108 “38 
3-5 490 106 21.6 71| 104 103. er 
82 17.9 51 | 159 | 199 “50 
rorover 526. | 17.9 | 184| 230] 63. 
1,938 308 20.5 | 247 | 748 | 770 | 173 


*Percentages in parentheses in the following tables indicate that the 
rate is based on too few cases to be statistically significant. 

all women past the childbearing age. While, 
of course, no such drastic program is advo- 
cated, it is our practice whenever possible to 
do a total hysterectomy rather than a subtotal 
when hysterectomy is indicated. 

Other gynecological procedures done prior 
to the known onset of cancer included 75 bi- 
lateral oophorectomies, which fact indicates 
that ovarian stimulation is not a necessity in 
producing cervical carcinoma. It is of interest 
in this respect that only 2 records in this series 
mention any endocrine medication (both were 
stilbestrol) prior to onset of carcinoma. Fifty- 
eight patients gave a past history of a cervical 
plastic procedure, cauterization, or curettage 
prior to the onset of their present illness. 

Multiple primary cancers. There were 68 
patients who had, in addition to cancer of the 
cervix, another known primary carcinoma, an 
incidence of 3.5 per cent. Skin and breast 
were more common sites than all others com- 
bined. Two carcinomas of the vulva were sta- 
tistically considered, perhaps incorrectly, as 
metastatic recurrence of cervical disease. Of 
some interest were the cases of 2 primary 
malignant lesions of the uterus. In addition 
to a cervical carcinoma, 4 patients had a sar- 
coma of the uterus, 1 had a chorionepithe- 
lioma, and 1 a separate carcinoma of the endo- 
metrium. There were several other cases of 
both epidermoid carcinoma and adenocarci- 
noma histologically in which multiple uterine 
cancer was suspected but not proved. 

Metastasis of another carcinoma to the 
cervix is rare. Two cases were encountered in 


which the pathologist believed that the lesion 
in the cervix was metastatic rather than 
primary. For this reason they were excluded 
from the series, although the opinion was 
based on histology and was never definitely 
proved. The primary sites were believed to be 
kidney and breast. 


FACTORS RELATED TO SYMPTOMS 


The most common symptom, vaginal bleed- 
ing, occurred in 86 per cent of the cases. In 
nearly half of these it was described as mod- 
erate to heavy in amount, with a tendency to 
be intermittent. The bleeding was usually 
intermenstrual or postmenopausal rather than 
menorrhagic, and was frequently postcoital. 
Pain was the next most frequent complaint 
with an incidence of 42 per cent. This was lo- 
cated chiefly in the pelvis or lower abdomen, 
but occurred also in the back and less often in 
the hips, legs, and thighs. Thirty-two per cent 
of the patients had noted vaginal discharge. 
Weight loss was also common, but was re- 
corded too irregularly to permit an accurate 
incidence figure to be made. There were only 
8 patients who were asymptomatic in whom 
cancer was found to be present during a rou- 
tine check. 

There was some correlation between the 
type of the lesion and the duration of symp- 
toms. Of the patients with symptoms of less 
than 3 months’ duration, there were approxi- 
mately twice as many with proliferative fun- 
gating growths as with infiltrating ulcerative 
lesions. Of those with symptoms of more than 
12 months’ duration, this ratio was almost re- 
versed, indicating that the proliferative tumors 
tend to give more severe early symptoms, 
principally bleeding, than the infiltrating 
tumors. 

The duration of symptoms also showed a 
slight, but consistent relationship to the ab- 
solute survival rate and to the stage of the 
disease (Table V). Of 923 patients with symp- 
toms of iess than 6 months’ duration, 23.3 per 
cent were 5 year survivals, while in 985 pa- 
tients with symptoms for more than 6 months, 
the survival rate was 17.9 per cent. These 
figures show a relationship to the increase in 
the more advanced cases found in the second 


group. 
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TABLE VI.—ANALYSIS OF RESULTS OF RADIOTHERAPY FOR CANCER OF THE CERVIX 
All stages 
Stage I Stage II Stage III Stage IV 
Per cent Per cent Per cent Per cent 
cured at cured at cured at cured at No. of Per cent 
5 years 5 years 5 years 5 years cases cured at 
treated 5 years 
Radiumhemmet (Stockholm) 1914-1041 61.0 42.6 18.8 7.0 4.392 303 
All reporting hospitals (League of Nations Report—1949) 59.6 41.2 22.9 6.2 30,200 30.9 
Memorial Hospital (New York) 1934-1041 53-0 33-1 17.4 0.0 1,037 28.6 
Present series, 1927-1942 55-2 27.3 6.9 3.0 1,764 19.7 
Massachusetts General Hospital 54.3 27.4 8.5 5.7 333 22.2 
Huntington Memorial Hospital 47.6 25.6 4.9 3-7 763 18.9 
Pondville Hospital 68.3 30.7 8.1 1.4 668 19.5 


The percentage of cases in each stage for 
the two groups is as follows: 


Per cent in Stage 


I II Ill IV 
Symptoms less than 6 months 14.9 43-1 35-9 6.1 
Symptoms more than 6 months 10.2 34.8 43-5 11.5 


FACTORS RELATED TO END RESULTS 


Except for the inclusion of the surgically 
treated cases, the survival statistics were 
compiled essentially according to the re- 
quirements of the League of Nations Health 
Organization. The international stages were 
used in classifying the disease. Like any 
classification, it has its weaknesses. In Stage 
II, for example, are included cases of minimal 
encroachment of tumor on the vaginal wall 
adjacent to the cervix, as well as cases of ex- 
tensive disease filling most of the pelvis but 


not definitely attached to the pelvic wall— 
cases certainly with far different prognoses. 
We have found a subdivision of the early and 
the advanced cases within this stage useful. 
In most of the records studied the American 
College of Surgeons’ classification had been 
used. In cases described as 1C, it was difficult 
to separate the advanced Stage II case from 
the Stage III. The problem frequently arose 
of large tumors with broad ligament involve- 
ment and limited mobility, in which fixation 
to the pelvic wall was questionable or not 
stated. Even with the case at hand, examiners 
will often differ as to the stage. Undoubtedly 
some errors were made. However, when there 
was any doubt, the earlier stage was chosen. 
Strict adherence to this rule has definitely 
lowered the survival rate in each stage, es- 
pecially Stages II and III. For example, if 100 
advanced Stage II cases were changed to 
Stage III this would improve the Stage II 


TABLE VII.—END RESULTS PRIMARY CARCINOMA OF CERVIX 1927-1942 


Stage I Stage IL Stage III Stage IV Total 
5 yr. cures 
Treated 5 yr. Treated 5 yr. Treated 5 yr. Treated 5 yr. Total per cent 
cases cures cases cures cases cures cases cures number 
No. | Per | No. | Per | No. | Per | No. | Per | No. | Per | No. | Per | No. | Per | No. | Per | Seen |Treat-| No. |Abso-| Rel- 
cent cent cent cent cent cent cent cent ed lute | ative 
Mass. 
General 70] 19.1 | 43 | 61.4] 138 | 38.2] 38 27.5] 117 | 32.4| 10] 85] 36] oo] 2 5.6] 377] 93 | 24.7] 25.8 
Huntington 
Memorial 69 | 809] 30] 43-5] 388 | 50.2] 90] 25.5] 288 | 37.2] 14] 4.0] 27] 3.4] I 3-7| 783| 772] 144 | 18.4] 18.7 
Pondville 100 | 13.9; 67 | 67.0] 212 | 29.5] 66 | 31.1] 335 | 46.6] 27 8.1) 71 9.8} 1 1.4] 778] 718| 161 | 20.7] 22.4 
Total 247 | 12.9] 140 | 58.6| 738 | 39.8| 203 | 27.5] 740 | 39.9] 51 6.9} 134 | 7.2] 4 3-0 |1,938 [1,851 | 308 | 20.5 | 21.5 
1927-1931] 63 | 9.6] 29 | 46.0] 280 | 42.8] 69 | 24.7| 273 | 41.8 3-3] 38] 5.8] 0.0] 677] 654] 107 | 15.8] 16.4 
1938-1942! 73 | 17.5 44 | 60.31 168 | 404 53 | 31.5 | 130 | 33-4 18 | 12.9 36 8.7 I 2.81 447] 4161 116 | 26.0} 28.0 
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Fig. 1. (M. G. H. No. 196302.) This carcinoma histologically resembled a hypernephroma 


and was believed to be metastatic from the kidney. 


figures; but, since these would be early Stage 
III cases, it would also result in a higher per- 
centage of Stage III survivals. 

The inaccuracy of clinical staging has been 
shown in the radical operations for cancer of 
the cervix in which we have found 18 per cent 
of Stage I cases with positive nodes. Although 
these nodes were not large enough to be 
palpable clinically, the cases actually were 
Stage III, and this, of course, accounts for 
some of the cases of failure to cure in the Stage 
I group. Also during surgical approach to the 
disease, some cases clinically Stage I or II were 
found at operation to have extensive pelvic or 
abdominal spread. In all such cases the 
clinical classification was kept as the final 
classification. 

There were 87 patients receiving no treat- 
ment, either because of the refusal of the pa- 
tient, because treatment was sought else- 
where, or because of the extent of the disease. 
These cases are included in the absolute sur- 
vival rates, but not in the relative survival 
rates. Forty-eight cases that were lost, 36 pa- 
tients who died of intercurrent disease without 
carcinoma, and 47 patients alive but with car- 
cinoma present at the end of 5 years were all 


included in the follow-up statistics, but the 
only patients counted as “cures” were those 
found to be clinically free of disease. This may 
be thought to be “leaning over backwards,” 
but it appears to be the best method of afford- 
ing a standard for comparison. 

Any comparison of statistical data is sub- 
ject to criticism on the basis of the innumer- 
able variables and the different interpretation 
which may be placed by various observers on 
each of these variables. In Table VI, however, 
are listed the results of radiologically treated 
cases of cancer of the cervix collected by vari- 
ous institutions according to the requisites of 
the League of Nations Health Organization. 

The 5 year end results for both radiologi- 
cally and surgically treated cases are given by 
stages and by the institutions involved in 
Table VII. The statistics from the three hos- 
pitals are listed separately because it was in 
these figures that the only significant differ- 
ences between the institutions were found. - 

It is encouraging to note that there has been 
quite a marked improvement between the re- 
sults of the first 5 years of this study and the 
last 5 years. These figures are also given in 
Table VII. They show an increased surviva! 
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Fig. 2. (H. M. H. No. 34-504.) On the basis of the large mucoid-filled cells the patholog- 
ical report was metastatic carcinoma which was thought to be primary in the breast. 


rate within each stage as well as an improved 
over-all survival. This latter is also a reflec- 
tion of the fact that there was an increased 
proportion of early cases seen during the more 
recent period. 

Histology. There were 1,710 squamous car- 
cinomas, 102 adenocarcinomas, and 67 miscel- 
laneous or undifferentiated lesions in this 
group. Fifty-nine cases in which there was no 
pathological report are included because the 
lesion was unquestionably a carcinoma grossly 
—in most instances far advanced—and only 3 
cases or 5.1 per cent of these were 5 year sur- 
vivals. 

Review of the pathology slides in a series 
of this size always yields a few unusual histo- 
logical pictures. It seemed worth while to re- 
produce several of these (Figs. 1 to 5). 

No significant correlation could be made be- 
tween the histologic type of the tumor and 
survival. There was a suggestion that the 
epidermoid grade I lesions of Stage I did 
slightly better than the more malignant grades 
in this stage, while the reverse was true in the 
advanced stages in which the tumors of me- 
dium and high malignancy responded better 
than those of low malignancy. This relation- 
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ship is shown in Table VIII. It should be em- 
phasized that the slight variations which oc- 
curred were not of statistical significance, how- 
ever. Statistics correlating histology with the 
stage of the lesion and with 5 year survival are 
given in Table IX. 

Treatment. There has not been any “stand- 
ard” treatment for carcinoma of the cervix in 
this series, but it has always been modified to 
fit the needs of the individual case. This has 
resulted in so many variables that it has been 
impossible to analyze accurately all the sur- 
vival results, as the subdivisions become sta- 
tistically insignificant. We are unable, thus, 
to explain completely all the differences which 
appear in our end results; such as, for example, 
the lower survival figures from the Hunting- 
ton Memorial Hospital, or even the improve- 


TABLE VIII.—RELATION OF GRADE OF EPI- 
DERMOID CARCINOMA TO 5 YEAR SURVIVAL 


Per cent 5 year cures 


Epidermoid 


Stage I | Stage II |Stage III|Stage IV 


Grade I 
Grades II, III, IV 


75-5 16.3 4-7 0.0 


50.6 27.8 23 3.6 


CERVIX 
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Fig. 3. (M. G. H. No. 173380.) Carcinoma of the cervix 
resembling a cylindroma or a basal cell carcinoma of the 
adenoides cysticum type. 


ment seen in recent years. The status of the 
treated patients at the end of the 5 year period 
is given in Table X. This has been divided 
into stages, and subdivided into methods of 
treatment. 

The methods of treatment have included 
200 to 1,200 kilovolts x-radiation. This is usu- 
ally given as a supplement before or after ra- 
dium, or as a palliative measure. It is interest- 
ing to note that 6 cases, however, were cured 
by x-ray alone, 5 out of the 6 patients having 
already lived for 7 years without evidence of 
recurrent disease. The addition of million-volt 
therapy in 1937 may be one of the factors re- 
sponsible for the increasing cure rate. It is our 
present practice to give in the neighborhood of 
7,000 to 8,000 roentgens in air or 3,000 to 
4,000 roentgens tumor dose through several 
pelvic portals. Vaginal cone therapy was not 
used in this series. 


Fig. 4. (H. M. H. No. 27-1192.) Epidermoid carcinoma 
of the cervix which accompanied the adenocarcinoma 
shown in Figure 5. 


Radon was used extensively in the form of 
interstitially placed glass or gold seeds at the 
Huntington Memorial Hospital and to a lesser 
extent at the Massachusetts General Hospital 
and Pondville (Massachusetts Department of 
Public Health). Its use has been gradually 
discontinued, and again the substitution of 
more satisfactory methods may be reflected in 
the survival statistics. 

Radium was given both as interstitial radia- 
tion in the form of 2 to 1o milligram needles 
and as intracavitary radiation with silver or 
platinum applicators. Occasionally lead 
bombs were placed against the cervix. In 
about half the cases supplemental x-ray was 
given before or after radium or radon. The 
dosages varied between 2,000 and 8,500 milli- 
gram hours. At the present time we employ 
most frequently dosages of 4,000 to 4,500 
milligram hours, combining interstitial needles 
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with a central applicator in either single or 
divided treatments. 

Cervicectomy and abdominal or vaginal 
hysterectomy are not used (except in carci- 
noma in situ lesions). The cases in which this 
was done in this series represent for the most 
part cases treated early in the series or more 
often cases in which the disease was not recog- 
nized preoperatively or some special circum- 
stance existed. Thus, although we have an 
unusually high cure rate following simple to- 
tal or vaginal hysterectomy—only 2 known 
deaths from cancer out of 22 cases—this is a 
misleading figure as it applies for the most part 
only to the very earliest recognizable carci- 
noma. - 

The combination of the radical Wertheim 
type of hysterectomy with the Taussig pelvic 
lymphadenectomy was started by Dr. J. V. 
Meigs in 1939. For want of a shorter name, 
this is called the radical operation for cancer of 
the cervix. This has been limited to favorable 
Stage I and Stage II lesions and cannot be 
statistically compared to other methods of 
treatment in this series because of the small 
number of cases and the factor of selection. 

The addition of radiation to the surgical 
cases shows statistically lower survival rate 
than surgery alone because in some of these 
cases the radiation was given to treat recur- 
rence. This factor is partially balanced by a few 
cases in which surgery was done after preop- 


Fig. 5. (H. M. H. No. 27-1192.) Adenocarcinoma. This 
section is taken from the same patient as in Figure 4 and 
represents two different histological types in the same 
cervix. 


erative radiation and no disease was found 
present in the specimen. 

Complications. The only useful function of 
an analysis of complications is to relate these 


Seaton Five year cures Stage 
of cases 
Number per cent I Il lll IV 
Epidermoid carcinoma 1,710 356 20.8 688 672 141 
Grade I 122 a 27 22.1 24 wa “a = | 43 12 
Grade II 617 121 19.6 so 268 253 
Grade III 792 167 21.0 326 4 300 
Grade IV 27 4 148 4 
No grade 152 37 245 27 40 i? 68 a 17 
Adenocarcinoma 102 24 23-5 e 23 a a 36 4 31 12 
Adenoacanthoma 33 9 27.2 4 | 18 
Undifferentiated carcinoma 27 4 14.8 5 ae 4 oa 16 ia 2 
Epidermoid and adenocarcinoma 7 2 (28 5) I '§ Foot I ° 
No report 59 3 5.0 5 6 7 32 16 
Totals 1,938 398 20 § 247 748 77° 173 
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Fig. 6. (H. M. H. No. 27:1597.) Showing abdominal re- 
currence of cervical carcinoma. 


complications to the method of treatment em- 
ployed in order to determine the morbidity 
and mortality of such treatment. But in the 
case of the pelvic complications of cancer of 
the cervix, such as fistulas, bowel symptoms, 
cystitis, ureteral obstruction, hemorrhage, peri- 
tonitis, etc. it is frequently impossible to de- 
termine whether it is the treatment or whether 
it is the disease that is responsible. In many 
cases both doubtless play a role. 

In the complications listed in Table XI each 
case was individually evaluated, and an effort 
made to eliminate those cases in which it was 
felt that the complication was produced by the 
disease itself—such as extensive cases in 
which the treatment appeared to be insuffi- 
cient to be a factor. 

The most common complications were fis- 
tulas and ureteral obstruction with hydro- 
nephrosis or severe pyelonephritis. In the ma- 
jority of these cases it was hard to tell what 
role treatment had played, but there were 31 
patients, or approximately 1o per cent of 
these, alive and well at 5 years, and 1 died at 
5 years of pyelonephritis without evidence of 
carcinoma at autopsy. 

Mild urinary infection was so common it 
was not included. Severe cystitis, with cys- 
toscopic evidence in most instances, occurred 
in 80 cases. Of these 24 had a radiation ulcer 
of the bladder. One patient was subjected to 
23 cystoscopies. Thirty-eight, or nearly half 
the patients with cystitis, were alive and well 
at 5 years. 

The criteria used for proctitis were severe 
bloody diarrhea, evidence of proctoscopy, or 
changes in the rectosigmoid by barium enema. 


Fig. 7. Same patient 1 year later. Patient was living 
and well at the end of 12 years. 


More than one-third of these patients showed 
ulceration or stricture of the bowel and nearly 
one-quarter required colostomy. One-third of 
the cases of proctitis were 5 year cures. 

For the most part the cases of intestinal ob- 
struction were late complications with radia- 
tion reaction of small or large bowel requiring 
operative intervention. One patient died at 6 
months and another at 8 years without evi- 
dence of cancer. 

There were 33 cases of severe hemorrhage 
within 6 weeks of treatment, although hemor- 
rhage was not listed as a complication because 
it was impossible to tell whether treatment 
was a factor or not. Thirty-one patients com- 
plained of severe hot flashes after treatment. 

The deaths believed to be directly attribut- 
able to treatment are given in Table XII. One 
death from peritonitis 5 days after perforating 
the uterus with a uterine sound is not included 
because no actual treatment was given. Sev- 
eral deaths in advanced cases that occurred 
a short interval after 1 or 2 x-ray treatments 
were also excluded. 

Recurrence. It is generally believed that 
carcinoma of the cervix, like certain other 
types of carcinoma, notably that of the face 
and buccal cavity, tends toward local recur- 
rence rather than distant metastases. Pearson 
reports 25 per cent with distant metastases in 
an autopsy series of 57 cases and cites similar 
reports by others. In 65 necropsies at the 
Memorial Hospital in New York, Brunschwig 
and Pierce (3) found 50 per cent with metasta- 
ses outside the pelvis. , 

On the basis of clinical studies, including 
x-ray and surgical procedures, local recurrence 
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TABLE X.—STATUS OF TREATED PATIENTS AT 5 YEARS 
present present of cancer of cancer cures 

X-ray 3 I ° I ° I (33.3) 
Radium or radon 84 22 2 5 4 5t 60.7 
Radium and x-ray 85 28 6 ° 8 43 50.6 
Cervicectomy I ° ° ° I ° (0.0) 
Cervicectomy and radiation 8 5 ° ° ° 3 (37-5) 
Hysterectomy 22 2 ° I I 18 81.8 
Hysterectomy and radiation 14 7 ° ° ° 7 (50.0) 
Radical operation 9 ° ° I ° 8 (88.9) 
Radical operation and radiation 12 3 ° I ° 8 (66.7) 
Radiation and node dissection I ° ° ° ° I (100.0) 
Total treated . 239 68 8 8 15 140 58.6 
No treatment 8 
Total 247 

Stage II 
X-ray 12 10 ° ° ° 2 (16.7) 
Radium or radon 313 195 4 14 6 04 30.0 
Radium and x-ray 399 260 18 11 8 102 25.6 
Cervicectomy and radiation I ° ° I ° ° (0.0) 
Hysterectomy and radiation 4 3 I ° ° ° (0.0) 
Radical operation I ° ° ° ° I (100.0) 
Radical operation and radiation 8 3 I ° ° =e (50.0) 
Total treated 738 471 24 26 14 203 27.5 
No treatment Io 
Total 748 

Stage III 
X-ray - 74 72 ° ° ° 2 2.7 
Radium or radon 278 245 3 II 2 17 6.1 
Radium and x-ray 384 336 II ° 5 32 8.3 
Cervicectomy and radiation I I ° ° ° ° (0.0) 
Hysterectomy and radiation 2 2 ° ° (0.0) 
Radical operation and radiation I I ° ° ° (0.0) 
Total treated 740 657 14 Ir 7 st 6.9 
No treatment 30 
Total 77° 

Stage IV 
X-ray 51 49 ° I ° I 2.0 
Radium or radon 36 32 I I ° 2 5.6 
X-ray and radium 45 43 ° I ° I 2.2 
Cervicectomy and radiation 2 2 ° ° ° ° (0.0) 
Total treated 134 126 I 3 ° 4 3.0 
No treatment 39 
Total 173 
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Fig. 8. Curve showing survivals expressed in per cent. 


in the pelvis was seven times more frequent 
than distant metastases in the cases in this 
series in which the sites of recurrence were 


TABLE XI.—COMPLICATIONS BY METHOD OF 
TREATMENT—ALL STAGES (EXPRESSED IN 
PER CENT) 


| ery and | Total 


Number of cases treated | 140 | 711 | 913 33 Sg. | 2652 


Five year cures 4-3 | 23-1 | 17.3 | 81.8 | 42.6 | ar.5 
Deaths attributable to 

treatment 0.0 1.4 3-0 1.9 1.2 
Ureteral obstruction, 

hydronephrosis, 

pyelonephritis 27:2 3-0 8.6 6.0 | 20.4 7:4 
Fistulas 

Vesicovaginal 64] 44 5.7 0.0 $s 5.1 

Rectovaginal 5.0] 3.9 49 | 00 Ch 4.5 

Ureterovaginal 0.3 0.3 6.1 0.0 0.4 

Vesicorectal 0.0 o.1 0.2 0.0 0.0 0.2 
Cystitis 0.7 3.8 4.5 | 21.2 7.4 43 
Proctitis 2.9 2.2 7.2 0.0 4.8 4.0 
Intestinal obstruction 0.0 1.2 0.0 | 4.8 


INDETERMINATE 


YEARS 123 4 5 7 0 6 
Fig. 9. Curve showing deaths expressed in per cent. 


stated. In 205 autopsies done on patients with 
carcinoma of the cervix between 1927 and 
1942, however, 62.0 per cent showed distant 
metastases. This figure does not include any 
cases with direct extension to other pelvic or- 
gans, but does include a few cases with node 
metastases in the pelvis which might -have 
been removed surgically. It was very difficult 
in certain cases in which the ovary, tube, ure- 
ter, or bowel was involved with disease to es- 
tablish whether this was direct extension or 
actual metastases, and therefore these figures 
reflect an individual interpretation of the au- 
topsy reports and refer chiefly to cases in 
which there were other distant metastases as 
well. There were 2 cases of intrathoracic 
metastases without any evidence of pelvic re- 
currence. The sites of recurrence are noted in 
Table XIII. 

Long term end results. The end results have 
been noted so far only in terms of 5 year cures, 
those who at the end of 5 years are alive and 
without evidence of the disease. What is the 
fate of the 5 year “cures”? A certain number 
of these patients subsequently die of cancer. 
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TABLE XII.—DEATHS ATTRIBUTABLE 
TO TREATMENT 100 
Interval 
between 90 
Stage Treatment last treat-| Immediate cause of death 
ment and 
death 
80 
I | Radium 7 days | Pneumonia 
I | Radium to days | Peritonitis. Intestinal 
obstruction 70 
II | Radium days | Peritonitis. Pneumonia 
(? embolus) 
II | Radium 5 days | Peritonitis 
II | Radium 7 days | Peritonitis se 
II | Radium 11 days | Peritonitis 
TI | Radium 1o days | Pyelonephritis. Septicemia 40 
Ill | Radium 13 days | Peritonitis 
Radi da Unknown (? embolus, 
Ill | Radium 1 month | Pulmonary embolus 
I | X-ray and radium 5 years | Cystitis and pyelonephritis 20 
I | X-rayandradium| 8 years | Intestinal obstruction 
II | X-rayandradium| 09 days | Peritonitis 10 
II | X-ray andradium| 12 days | Pelvic sepsis 
III | X-rayandradium| 4 days | Peritonitis (perforation of eu 7 0 


uterus) 


If] | X-rayandradium] 13 days | Peritonitis 


Ill | X-ray and radium 3 weeks | Septicemia 


Ill | X-rayandradium| 3 weeks} Peritonitis 
III | X-ray and radium | 6 months | Intestinal obstruction 
IV | X-rayandradium| 14 days | Bronchopneumonia 
II | X-ray, radium, 
ical 


and ri 
operation 3 days | Peritonitis 
I | Hysterectomy 7 days | Pulmonary edema, hyperten- 


sion, ? embolus 


However, in attempting to evaluate long term 
follow-up on these patients so many fall into 
the indeterminate group, e.g. those who die of 
intercurrent disease, are lost, or the period of 
time is too short to permit to or 15 year fol- 
low-up, that the results are of little value. 
This can be seen in Figure 8 where the fall in 
the curve representing the survivals after 5 
years very closely parallels the curve repre- 
senting the indeterminate group lost to follow- 
up or dying of other disease, whereas in Figure 
g it can be seen in the curve of deaths from 
cancer that it is relatively flat after 5 years. 

In order to get a satisfactory estimated sur- 
vival curve it is necessary not to eliminate the 
indeterminate group, but to assume that this 
group will die of cancer at the same rate as the 


15 
Fig. 10. Curve showing estimated survival rate of we 
tients with carcinoma of the cervix, eliminating other 
causes of death. 


determinate group. The method outlined by 
Nathanson and Welch (18, 19) may be used in 
which all deaths are included in the determi- 
nate group and this curve is compared with a 
normal life expectancy curve for that age. 
This requires an estimate of the age of the pa- 
tients involved. 

We have chosen to calculate an estimated 
life table by the method of Doering and Forbes, 
showing the percentage of women who will die 
of cancer of the cervix alone, eliminating other 
causes of death. A rough method of calculat- 
ing the percentage of survivors—assuming 
that there is no other cause of death—is to use 
the simple formula: 

A 
AL 
where A equals the number alive at the begin- 
ning of a given year, A; the number alive at 
the end of that year, and L the number lost or 
dying of intercurrent disease, and express this 
fraction as a per cent. 

A simplified life table on this basis is given 

in Table XIV. The first column represents the 
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TABLE XIII.—SITES OF RECURRENCE OF CAR- 
CINOMA OF THE CERVIX BASED ON 205 
AUTOPSIES 


No. of Per 
cases cent 

Local recurrence (uterus or adnexa, va- 

gina, pelvic lymph nodes, ureter, 
Distant metastases... 127 62.0 
95 46.3 
Retroperitoneal and abdominal... 92 44.9 
7 3-4 
Supraclavicular....... 4 2.0 
Axillary and chest wall. 2 1.0 
I 24.9 

Bone (vertebrae, pelvis, femur, hu- 
merus, ribs, skull, tibia)......... 24 11.7 
*Intestine and omentum 6.3 
Peritoneum.......... (482 5.9 
10 4-9 
*Tube 9 4-4 
*Ureter... 9 4-4 
Diaphragm... 5 2.4 
Pancreas..... 4 2.0 
4 2.0 
Skin 3 15 
Pleura..... 3 1.5 
Vulva..... 2 1.0 
Thyroid I 0.5 


*Excluding cases with direct extension. 


percentage of total survivors, the second shows 
the percentage dying of cancer in a given year. 
If one knows the survival rate for 1 year, and 
wishes to calculate it for another, it can be 
done by using the figures in the first column. 
For example, if one knows the survival rate at 
3 years and wishes to calculate it for 5 years 
one should divide the 5 year survival by the 3 
year figure, or 27.1+34.1=0.795. Thus 79.5 
per cent of those alive at 3 years will be alive 
at 5 years, assuming, of course, that there 
has been no other cause of death but cervical 
carcinoma. 

This survival curve is shown graphically in 
Figure 10. It can be seen that after 5 years the 
deaths from cancer of the cervix fall off mark- 
edly. The annual death rate from the fifth to 
the seventh years was 3.9 per cent; from the 
seventh to the tenth year, 3.4 per cent; and 
from the tenth to the fifteenth years, 1.6 per 
cent. The latest deaths from recurrence en- 
countered in this series were 1 at 17,-and 1 at 
19 years. 


TABLE XIV.—ESTIMATED SURVIVAL RATE AND 
DEATH RATE OF PATIENTS WITH CARCINOMA 
OF THE CERVIX ELIMINATING OTHER CAUSES 
OF DEATH 


Per cent of total Pp Per cent dyi 

Year surviving at end of year of cancer ann’ 
60.0 40.0 
I-32 42.0 30.0 
2-3 18.8 
3-4 29.7 12.9 
4-5 27.1 8.7 
s-7 25.1 3-9 
7-10 22.7 3-4 
10-15 20.9 1.6 


Discussion. The interpretation of the facts 
by the clinician, the inaccuracies of the record, 
and the reinterpretation of the record in col- 
lecting the data make a study of this sort at 
best an approximation. However, we have 
not been lenient with ourselves in such mat- 
ters as staging and there has been no factor of 
selection used. The 5 year survival figures can 
be improved by one-quarter if only the “de- 


_ terminate” histologically proved cases are 


used. 

We agree with Brunschwig (2) that in the 
surgical cases Bonney’s classification of those 
with and without node metastases is far better 
than the clinical stages. But inaccurate as 
staging may be, it is the best that can be done 
with the radiologically treated group. 

The question arises as to how many true 
Stage III and Stage IV cases can be cured, or 
how many of the “cures” represent simply er- 
rors in staging due to a false impression of the 
extent of the disease such as is produced by a 
marked inflammatory reaction. It is our opin- 
ion that relatively few of the really advanced 
lesions can be cured by present methods. 
Some, however, can be, and 1 Stage IV case is 
offered by way of illustration. 


H. M. H., No. 27:1597. This patient is not in- 
cluded in this series because she represents recurrent 
disease following outside treatment, in the form of 
hysterectomy and roentgen therapy. She had an 
abdominal recurrence which extended intraperito- 
neally (Fig. 6) and pelvic examination showed a 
papillary growth extending from the apex of the va- 
gina down the anterior vaginal wall to within three- 
quarters of an inch of the urethral meatus. Patho- 
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logical report of both lesions was epidermoid car- 
cinoma of high malignancy. The abdominal lesion 
was treated by surgical resection and radium im- 
plantation; the pelvic disease, by radium alone. Fig- 
ure 7 shows her appearance 1 year later. She had 
no evidence of disease at examinations in the ensuing 
7 years, including an intra-abdominal exploration 
during cholecystectomy. She then moved elsewhere 
but wrote yearly for 5 more years that she was well. 


In the matter of surgery versus radiation, 
the following observation can be made. It has 
been shown by Meigs that radical surgery can 
be done safely with a good cure rate in se- 
lected cases. Because of the factor of selec- 
tion, this cure rate cannot be compared with 
other series. The unselected group now being 
treated surgically by Brunschwig at the Me- 
morial Hospital in New York may eventually 
afford a series for comparison with radiation. 
In the meanwhile, while the possibilities of 
surgery are being re-explored, the value of ra- 
diation has been proved and this should be the 
treatment for cancer of the cervix except in in- 
stitutions equipped for investigative radical 
surgery. We deplore the number of total 
hysterectomies being done under the guise of 
the radical operation for cancer of the cervix. 

One of the real challenges of the problem of 
cancer of the cervix lies in the 80 per cent of 
cases which are at present considered inoper- 
able and in which the cure rate with radiation 
is so low. Efforts were made in this series to 
correlate the amount of radiation or the meth- 
od of administration with cure. No statistically 
significant factor could be found. 

We know that small doses of radiation in the 
vicinity of 1,500 milligram hours or less will 
not produce cure and that on the other end of 
the scale very heavy doses of, let us say, 10,000 
milligram hours or more will produce excessive 
damage to normal tissue and complications. 
Between these two extremes there are a large 
number of values which produce inconsistent 
results—sometimes severe complications oc- 
cur with small doses and other times large 
doses produce no effect on the tumor. We 
might hypothesize that the reason for this 
confusion is that we are dealing with a graph 
in which only one co-ordinate is known. The 
other co-ordinate may be represented by the 
tumor radiation sensitivity and the normal 
tissue radiation sensitivity of the patient. 
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Graham has shown adequate cytological evi- 
dence that such a sensitivity exists. If this 
could be determined at the time of treatment 
it might even be conceivable that some day 
the radiotherapist could consult a chart with 
this radiation sensitivity expressed in units as 
the missing co-ordinate and pick the dosage 
which was above cancercidal level but below 
the excessive normal tissue damage level for a 
given patient. 

To return to the more practical, the first co- 
ordinate of this chart is not even known. 
Studies in progress in the Massachusetts Gen- 
eral Hospital Department of Radiology with 
ionization chambers in the cervix have shown 
that the tumor dose of x-radiation is often far 
different from the calculated dosage in air, 
that obesity, the use of other electrical appa- 
ratus in the building, and many other factors 
are involved. Furthermore calculations of 
isodose curves show often that distal exten- 
sions of a given tumor do not receive a can- 
cercidal dose from the radium given. In addi- 
tion to simple total dosage, we must take into 
consideration the volume of tissue to be irra- 
diated, the uniformity of the tissue radiation, 
and the physical distribution of the source. In 
addition to milligram hours we should think in 
terms of gamma roentgens delivered to the 
periphery of the tumor. The difficulty of de- 
termining clinically the exact extent of the 
tumor must also be solved. 

There is a tremendous amount of work to be 
done in this field. At the present time, how- 
ever, radiation is a relatively blind procedure. 
For this reason, and because there continues 
to be evidence of radiation resistant cases, it 
seems worth while to advance and improve 
our technique of radical surgery as well. 
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HE opportunity to evaluate the ef- 
fects upon nitrogen metabolism of 
relatively large amounts of intrave- 
nously administered human serum 

albumin has been provided by the distribution 

through the American National Red Cross of 
supplies which became available for research 

studies with the ending of the war. Against a 

background in our laboratories of previous nu- 

tritional studies employing protein hydroly- 
sates and gelatin under similar clinical cir- 
cumstances, albumin has been assayed as the 
sole source of nitrogen in a series of 11 pa- 
tients in the early postoperative period (7, 11). 


PROCEDURE 


The albumin was provided in 100 cubic 
centimeter ampules, containing 25 grams al- 
bumin and 1.0 gram of dl-acetyl-tryptophane. 
It was mixed with glucose immediately be- 
fore administration, in the proportion to give 
0.2 gram nitrogen and 25 calories per kilo- 
gram of body weight daily, in a volume of 
3,000 cubic centimeters. Salt content was ad- 
justed to the individual need. Patients who 
had undergone major abdominal operations 
were started on this regimen the day follow- 
ing operation and continued for 5 days. Water 
by mouth and unsweetened tea were permit- 
ted when the surgical condition allowed. 
Urine and gastric drainage, when present, 
were collected as 24 hour specimens under 
toluene. Stools were not collected. The 
daily nitrogen in the feces was assumed to be 
1.0 gram. The protein content of the urine 
was determined in 6 patients when qualita- 
tive tests for albuminuria were positive. Ve- 
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nous pressure, plasma and blood volume, and 
total circulating protein and albumin were 
determined before the beginning of the study, 
on completion of the 5 day period, and at 
times on the third day. Plasma volume was 
determined by the T-1824 dye dilution tech- 
nique. Total nitrogen in urine and serum, 
and albumin in serum were determined as re- 
ported in previous studies (11). Albumin in 
urine was determined by the method of Folin 
and Denis. The term nitrogen equilibrium is 
used when the nitrogen intake and the nitro- 
gen output are within 1.0 gram daily of one 
another. 


RESULTS 


Table I and Figure 1 show that 8 of the 11 
patients were in positive nitrogen balance 
and 3 were in equilibrium during the period 
of administration of albumin. 

The amount of albumin in the urine in 5 
patients during the period of albumin admin- 
istration was appreciable, rising as high as 10 
grams on one day in one patient and persist- 
ing for several days after intravenous albu- 
min was discontinued. Other patients lost 
1 to 2 grams daily, the amount gradually di- 
minishing after cessation of albumin adminis- 
tration. 

At the end of the 5 day period of albumin 
administration, the plasma volume (Table II) 
was increased in all the patients except 1. 
The volume in a number of patients was in- 
creased on the third day of administration. 
This increase was not always sustained, but 
in only 1 instance did the plasma volume on 
the fifth day fall below the volume previous 
to the beginning of albumin administration. 
The plasma volume increase per gram of in- 
crease in circulating albumin varied from 9 
to 17 cubic centimeters. Total protein con- 
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TABLE I 


Dai 


gm. 


Patient Operation 


Daily average intake 


gm. N/kgm.| Cal./kgm. gm. 


RL. Subtotal gastrectomy 9.0 


0.19 25 


+11 


M.R. Subtotal gastrectomy 15.4 


0.20 25 


+6.5 


J.Z. Subtotal gastrectomy 12.0 


0.20 25 


+2.8 


J.G. Subtotal gastrectomy 10.6 


0.20 25 +0.7 


S.L. Gastrojejunostomy 10.0 


0.20 25 +2.8 


G.F. Left colectomy 15.3 


0.20 25 +5.2 


E.A. Abdominoperineal resection 12.5 


0.20 25 


Z.G. Jejunojejunostomy 9.0 


0.20 27 


+4.6 


F.L. Rt. colectomy 11.8 


0.20 24 


+4.5 


J.O’R. Subtotal gastrectomy 14.6 


0.20 25 +0.1 4.8 


M.S. Subtotal gastrectomy 13.4 


0.20 30 +3.0 3-3 


centration increased in 6 of the patients, due 
chiefly to increase in albumin concentration. 
In some instances, the globulin concentration 
fell. The fall in globulin and hematocrit con- 
centrations is probably the result of hemo- 
dilution caused by albumin administration. 
With rise in albumin and fall in globulin re- 
sulting from dilution of the blood (fall in he- 
matocrit) the rise in total protein concentra- 
tion might be slight, as illustrated in Table II 
where fall in hematocrit in the first 5 patients 
was greatest and the rise in total protein con- 
centration was least. 


Total circulating albumin increased during 
the 5 days of albumin administration in all 
patients, the increases ranging from 24 to 144 
grams. 

Although many of the patients had eleva- 
tions in venous pressure (Table II), J.Z., 
who developed pulmonary edema, was the 
only patient showing ill effects during the 
study. This complication may have been 
due only in part to the albumin as patient 
inadvertently received a considerable amount 
of sodium chloride intravenously. Similar 
incidents, however, have recently occurred 


TABLE II 


Patient Change in hematocrit 


Change in protein concentration o-5 days 


Change in 


0-5 days 


Change in 
venous pressure Plasma volume 
Glob. ml. 


S.L. 


—0.6 


+1846 


GF. 


+790 


J.O’R. 


+775 


E.A. 


+474 


+1200 


MSS. 


+100 


+610 


jG. 


(+620)t 


E.L. 


+1070 


M.R. 


+820 


Z.G. 


* 3rd to sth day 
to 3rd day 
© to 3rd day 
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= = 5 days 
|| +6 1.3 
|| 
0.8 
+9 
+2 = 
= 
= 7 
+1 0.8 
Change in | 
total circulating | 
albumin 
Total Alb. gm. : 
+3 +03 +09 = — $105 | 
| —16 +0.4 +68 
—13 +o.1 +11 +144 
| —10 +0.3 +0.6 —0.4 +46 
= -9 —0.4 +0.3 -0.7 +168 +62 
-6 +1.0 +1.0 —0.0 +4st +34 
+1.8 +2.2 —0.4 +13 +63 ( 
-3 +1.0 —0.2 +40 +27 
-3 +1.2 +1.4 —0.2 —28* +94 
= =t +17 +2.0 +10 |_| +64 


3 patients who did not receive excess 
sodium chloride but who did receive larger 
amounts of albumin. 


DISCUSSION 


The data presented above and previously 
reported briefly in 1948 (10) show that posi- 
tive nitrogen balance could be achieved in 
these patients for the 5 day postoperative 
period at considerably lower nitrogen and 
caloric intake (0.2 gm. N per kgm. and 25 
Cal. per kgm. daily) than had previously been 
shown in this laboratory to be necessary for 
nitrogen balance when given orally as whole 
or hydrolyzed protein, or given as hydrolyzed 
protein intravenously (7, 11) to similar groups 
of patients during a similar time period. This 
was an unexpected finding not only because 
the amount of nitrogen was inadequate but 
also because human serum albumin contains 
inadequate amounts of isoleucine and of tryp- 
tophane (the latter deficiency being compen- 
sated somewhat in the preparation we used by 
the addition of acetyl-tryptophane). Positive 
nitrogen balance after the use of whole protein 
intravenously in amounts adequate orally for 
positive nitrogen balance has been reported 
many times; after the use of human serum 
albumin in normal men (3); in cirrhosis of 
the liver (12); following administration of 
plasma protein in man after idiopathic hypo- 
albuminuria (1), and postoperatively (2, 9); 
after administration of plasma to protein de- 
pleted humans (13) and protein depleted 
dogs (4, 8). The fate of the injected albu- 
min is variously explained. Albright believes 
that of the protein injected over a short 
period of time (4 to 5 days) 50 per cent is 
burned, 50 per cent converted to body pro- 
tein, the disposal of the injected albumin 
being accomplished within 3 to 8 days after 
the end of the injection period. Elman and 
Davey, because of finding an increased ex- 
cretion of nitrogen in the urine in the period 
following albumin administration, believe the 
albumin ‘“‘is not utilized by the body, but 
after some delay is largely excreted in the 
urine.” Whipple, who found no increase in 
nitrogen excretion following cessation of in- 
travenous protein, is of the opinion that in- 
jected protein is stored as part of the body’s 
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Fig. 1. Nitrogen excretion after intravenous human serum 
albumin. 


reserve stores. Eckhardt and associates be- 
lieve albumin diffuses into body fluids where 
it is only very slowly over a period of weeks 
broken down into the constituent amino acids 
which are either deaminated and nitrogen 
excreted, or resynthesized into new protein. 

The studies reported here do not furnish 
any information as to the fate of the injected 
albumin but the production of a marked posi- 
tive nitrogen balance in our subjects on only 
% the amount of nitrogen and calories pre- 
viously found necessary in such patients, to- 
gether with the fact that in 2 human volun- 
teers a high concentration of albumin was 
found in leg lymph after injection of human 
serum albumin (to be published), led us to 
consider the possibility (also presented by 
Eckhardt) that the injected albumin was re- 
tained for a long period in the body fluids 
and that it disappears extremely slowly. Sub- 
sequent studies on normal human subjects re- 
ceiving albumin as their sole source of pro- 
tein have afforded further evidence that such 
may be the case (6). 


SUMMARY 


Eleven patients were given serum albumin 
intravenously as the sole source of nitrogen 
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during the immediate postoperative period. 
Their daily intake was o.2 gram nitrogen per 
kilogram plus sufficient glucose by vein to 
provide a total of 25 calories per kilogram. 
For the first 5 postoperative days 8 were in 
positive nitrogen balance, 3 in equilibrium. 


at 
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THE CHLORIDE OUTPUT RATE OF THE HUMAN STOMACH 
IN HEALTHY SUBJECTS AND ULCER PATIENTS; THE 
EFFECTS OF VAGOTOMY AND ACETYLCHOLINE 


Studies by the Dye Dilution Technique 


JOHN R. BROOKS, M.D., JOHN M. ERSKINE, M.D., THOMAS GEPHART, M.D., 
OLIVA SWAIM, A.B., and FRANCIS D. MOORE, M.D., F.A.C.S., Boston, Massachusetts 


HE increasing variety of surgical 
procedures available for the elective 
treatment of intractable duodenal 
ulcer renders it necessary once again 

for the surgeon to devote attention to the 
fundamental facts of gastric physiology. Dur- 
ing the 10 year period ending in 1943, the 
surgeon had little to offer the patient with 
duodenal ulcer other than a single procedure 
which, though complex, was readily suscept- 
ible to standardization. The success of sub- 
total gastrectomy was to be judged wholly on 
the basis of the clinical satisfaction of the pa- 
tient and there was no known physiologic or 
biochemical determination which would give 
the surgeon objective evidence as to whether 
or not his patient was progressing satis- 
factorily. Since 1943 and the introduction 
of division of the vagus nerves (14, 15, 16, 22, 
23, 35), a variety of new surgical procedures 
for the treatment of duodenal ulcer have 
presented themselves to the surgeon and a 
technically more diverse period of ulcer sur- 
gery has been opened. Vagus nerve division 
alone by the abdominal or thoracic routes, 
gastroenterostomy with vagotomy done simul- 
taneously or separately, classical subtotal 
gastrectomy with or without vagotomy, and 
small antral resection with vagotomy are all 
candidates for application to a single clinical 
problem. Although the end-results of these 
procedures will not be known for several years, 
careful attention to the physiologic abnor- 
malities of the stomach may often indicate to 
the surgeon what sort of a patient he is operat- 
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ing upon, what sort of a result he is apt to 
achieve, and what response has been elicited 
by his operation. 

Many studies of gastric secretion have 
sought to elucidate those alterations char- 
acteristic of the ulcer patient and the changes 
produced in this pattern by surgery. Most of 
these studies of gastric secretion have de- 
pended upon the aspiration of material from 
the stomach and its study by the titration of 
“free” and “total” acidity. Known variations 
in pepsin content, mucin content, total base 
and potassium concentration, to mention but 
a few, have not entered into our clinical think- 
ing. 

The study of gastric juice as aspirated 
scarcely reveals the secretory activity of the 
stomach since the acid of gastric secretion is 
in part neutralized by base secreted in the 
antrum or refluxed from the duodenum, ren- 
dering its detection difficult. For this reason, 
titratable acidity of the classical type, or 
determinations of pH are but a secondary re- 
flection of total acid secretion (26). These 
sources of error in acidity determinations are 
compounded when titratable acidity is multi- 
plied by volume units to yield “milliequiva- 
lents of hydrochloric acid.’’ None of the acid 
neutralized by gastric or duodenal base enters 
into the measurement. Efforts to study gastric 
secretion by constant timed gastric suction 
(34, 43) also fail to account for loss through 
the pylorus (32). 

This report describes our efforts to over- 
come these apparent intrinsic faults in gastric 
secretory study and the results we have 
achieved in applying a new method to the 
study of normal adults, duodenal ulcer pa- 
tients, and vagotomized patients. In addition 
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we have studied the response of the human 
stomach in these subjects to locally applied 
acetylcholine, the chemical mediator of vagus 
impulses. 
METHODS 

The technique of gastric secretory study em- 
ployed was the dye dilution method first intro- 
duced by Gorham, later used by Wilhelmj (56), 
Hollander (30, 31), and Shay (48), and more 
recently modified and expanded by Schoen 
and Griswold (45, 46). This method depends 
upon the introduction of a measured quantity 
of a dye into the stomach and its aspiration 
ro minutes later with the gastric juice accumu- 
lated during that period. From the dilution 
of the dye encountered and the total quantity 
of dye recovered, the total secretion of the 
stomach may be calculated as well as that por- 
tion of gastric juice lost through the pylorus. 
Analysis of the aspirated juice for total 
chloride content permits expression of the re- 
sults in terms of the total chloride secretion 
of the whole glandular cell mass per unit time. 

Experimental. To accomplish this, a Levin 
tube with multiple perforations at its tip, is 
introduced into the fasting stomach without 
water or topical anesthesia. The subject is 
taken to fluoroscopy and the tube adjusted 
so that its tip just enters the gastric antrum. 
Following complete aspiration and with the 
patient lying prone on a cot, 100 cubic centi- 
meters of an isotonic saline solution contain- 
ing 7.0 milligrams per liter of phenol red dye 
are injected and the exact time is recorded. 
Ten minutes later the stomach is completely 
aspirated. The time is again recorded at the 
close of aspiration, usually some 2 minutes. 
Nine such successive runs are carried out and 
are labelled alphabetically from A to I. 

When the response of the gastric mucosa to 
a local stimulus is being studied, an experi- 
mental stimulant may be added to the fluid 
injected in run G. As a part of our investiga- 
tion, acetylcholine chloride has been intro- 
duced in this particular run. Subsequent runs 
are observed, labelled runs H and I, following 
which the tube is removed. Samples from runs 
A and B are discarded, for we have found that 
basal conditions do not prevail: until the third 
run, run C. Samples C through I are then 
individually measured and analyzed. 
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Analysis has consisted of a determination of 
the total chloride by the method of Wilson 
and Ball. The px of the aspirated juice has 
been determined, by using a Beckman px 
meter with a calomel electrode. Free and 
total acid have been titrated, with Topfer’s 
reagent and phenolphthalein as indicators. 
Phenol red concentration is determined, fol- 
lowing protein precipitation with zinc sulfate, 
by the method of Hollander (30) as applied to 
the Evelyn colorimeter by Shay (48). 

Calculation. The function of phenol red in 
these volumetric studies is graphically demon- 
strated in the paper by Schoen and Griswold 
(45). If the concentration of dye decreases, 
secretion has occurred; if the quantity of dye 
decreases, emptying through the pylorus has 
occurred; usually, both secretion and empty- 
ing occur and therefore both concentration 
and quantity decrease. The calculation car- 
ried out is as follows:! 


Calculations for secretory (V4) and emptying (V3) 
volumes. 
Let: 
Vi=the amount of solution containing phenol red 
injected into the stomach (Fig. 1) 
C,=the concentration of dye introduced into the 
stomach 
Then: V,C,=the weight of dye introduced into the 
stomach. 
Similarly, let: 
V.=the amount of solution aspirated at the close 
of a 10 minute run 
C,=the concentration of dye aspirated at the close 
of that run 
Then: V2C,=the weight of dye aspirated at the end 
of a run. 
Similarly, let: 
V;=the amount of solution lost through the py- 
lorus during a 10 minute run 
C;=the concentration of dye lost through the 
ylorus 
ViC, and V.C, may be measured directly while V; 
and V4 may then be calculated by either of two 
methods. 
1. The method of “average concentration” 
Let V,=the volume of gastric secretion in any one 
ro minute run 
Then VitVi=V2t Vs 
and V3C3= ViCi—V:2C2 


V2v2 


_ 
and V3= G 
For this method of calculation, we may assume 
that the concentration of dye leaving the pylorus 


1The symbols used are slightly different from those used by 
Schoen but they represent comparable components. 
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will be an average of the concentration of dye at the 
start and end of the run; or 


c= ( ) 
Ci+C: 


2 
and the only factor not directly measurable becomes 


Vs. 
Finally, by definition, V4= V2+V3— Vi. 
V3 and V4 are then adjusted for time to yield “‘cubic 
centimeters per minute.” 
2. Modification of the method of Schoen 
Cit 
2 
justified since C; is a varying figure throughout the 
run, gradually decreasing in amount as the stomach 
secretes. Schoen has evolved a formula to take this 
into consideration, from which development we have 
used the following adaptation. 


_ Then by substitution V3 


The assumption that C;= may not be 


log 
V3= Vi-V2 x 
log 
Vis=Vi-—V2x 
log 


Vs; and V, are corrected for time to yield “cubic 
centimeters per minute.” 


Methods 1 and 2 give comparable results in 
most instances but method 2, the more exact 
mathematical expression of loss of dye through 
pylorus, has been used to determine volume 
values for gastric secretion and emptying. 


Calculation of chloride and px values. 

These values depend on the calculated V3 and V, 
values and are corrected for the volume of saline 
introduced. 

1. Chloride values: 

Let [Cl-] represent the concentration of chloride 


(mEq./L.) 
Then: 
mEq. of chloride injected=[Cl-]_. x —L 
Vi «1000 


mEq. of chloride aspirated=[CI-],, 


000 
mEq. of chloride lost through the pylorus = 
[C-],, + [Cr] 
Vi V2, Vs 
1000 


2 
Then: m€Ea. of chloride in V,=[mEq. chloride], 
+[mEq. chloride], —[mEq. chloride] 
Vs Vi 


and 
[mEq. chloride] 
Vi 


Va 


[cr], = 1000 
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Fig. 1. Diagrammatic representation of the stomach 
with Levin tube in place, to illustrate the four entities of 
volume measured and calculated by the dye-dilution tech- 
nique. V, (the volume injected) and V2 (the volume as- 
go are measured directly while V3 (pyloric efflux) and 

4 (gastric secretion) are calculated as indicated in the 
text. The “chloride output rate” is an expression of the 
amount of chloride secreted per minute in the total secre- 
tory volume of the stomach (V4). 


2. pH values: 
pu values recorded on the Beckman meter are 
corrected for dilution, by the volume introduced, in 
the following manner. 
Vs 
V. 


Let: The amount of dilution= 


4 
For this amount of dilution the hydrogen ion con- 
centration is decreased (and pH increased) by an 
V2+Vs3 
V. 


amount approximating the expression log 
4 


One may then subtract log ‘ths from the ob- 


4 
served px of any one 10 minute run to determine the 
corrected px value for that run. 


Mode of expression of results. By use of 
these techniques for aspiration and quantita- 
tion of gastric juice, the results obtained may 
be expressed in several ways. The total gastric 
secretion may be expressed as a rate in “cubic 
centimeters per minute.” This represents the 
gross volume of gastric juice secreted during 
the time of study. The evacuation rate of the 
stomach may also be expressed in “cubic 
centimeters per minute.’”’ Since the chloride 
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TABLE I.—BASAL SECRETION IN NORMAL INDIVIDUALS 


0. 0 c.c./min. mEq. 
mEq/min. 
m m m m 

Entire group 37 147 0.24 to. 2.2 +1.0 + 29.2 1.9 +1.0 
Males 27 107 0.26 to. 2.4 +11 113.2 + 28.6 1.7 +0.6 
Females 10 40 0.17 +005 1.8 +0.5 106.0 31.4 2.4 +1.7 

m=the mean 

o=the standard deviation 

(3x)? 


concentration is determined quantitatively, 
the chloride concentration may be expressed in 
the gastric juice as “chloride milliequivalents 
per liter.” More important probably than any 
of these modes of expression of results is the 
absolute rate of chloride secretion by the total 
stomach. This figure is referred to as “‘chlo- 
ride milliequivalents per minute” which we 
have termed the “chloride minute output.” 
In addition the concentration of free and 
total acid and pH may be expressed in the 
usual fashion. 


RESULTS 


Subjects studied. Of the 89 subjects studied, 
37 were normal adult individuals. Thirty-two 
of these were in the second or third decade of 
life, 27 were males, 10 were females. Of the 
29 patients with duodenal ulcer studied, 25 
were males and 4 were females; 20 were over 
40, 9 were under; 20 were intractable to 
medical therapy and came to partial gastrec- 
tomy or vagotomy on the same hospital ad- 
mission in which they were studied. Three 
were treated medically in the hospital, 2 in 
the out-patient department. In 1 case the 
obstructive symptoms were marked and 
roentgenographic examination revealed scar- 
ring and questionable ulceration of the duo- 
denal bulb. In 3 cases there was a definite 
history of duodenal ulcer without any active 
crater demonstrable by x-ray examination or 
any acute pain at the time of study. 

Satisfactory studies were carried out on 23 
vagotomy patients, 7 days to 45 months after 
operation. For purposes of analysis, this 
group has been divided into early and late 
postoperative cases. Six were studied within 
6 months of operation, 17 were studied 6 to 


45 months postoperatively. There was 1 
female in this group. One patient had had a 
previous posterior gastroenterostomy. The re- 
mainder were “pure” vagotomies, all but 1 of 
which were operated upon through the chest. 

Normal individuals—basal secretion. Figure 
2 shows the type of result obtained in a normal 
male subject by these techniques. In the 
figure shown are 5 basal runs from the same 
individual on different days. The reproduci- 
bility of results is apparent. It should be 
noted that the basal secretory rate for this 
individual lies in the region of 2.0 cubic centi- 
meters per minute, the basal chloride minute 
output is in the range of 0.25 milliequivalent 
per minute; the fu is in the range of 2.5 and 
the chloride ion concentration is in the range 
of 120.0 milliequivalents per liter. 

In Table I are shown the summarized basal 
secretory data of a group of normal adult 
human subjects. The difference between 
males and females is shown. Standard devia- 
tions of the means are noted. 

For purposes of analysis we considered runs 
C, D, E, and F to represent basal conditions. 
These “basal” run samples gave figures for 
chloride and hydrogen ion concentration that 
differed from the values obtained in undilut- 
ed fasting samples. For normal subjects, the 
average fasting chloride concentration of 90.3 
milliequivalents per liter rose to 111.1 milli- 
equivalents per liter in runs C, D, E, and F; 
the average pu for the group dropped from a 
fasting value of 3.8 to 1.9 following intubation 
and injection of the test solution. For this 
reason, we use the term “basal” conditions 
advisedly, realizing that intubation of the 
stomach, injection of saline, and possibly 
psychic stress during the test combine to 
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Fig. 2. Normal adult male. Four charts showing re- 
a the chloride output rate, secretory rate (volume), 
chloride concentration, and pH of a normal subject. On 
each of the 4 charts are a set of lines indicating the results 
obtained in a series of 5 experiments on this subject; the 
same 5 experiments are indicated on each of the 4 charts. 
In this and similar succeeding charts the dye-dilution runs 
of ro minutes duration are indicated alphabetically alon, 
the abscissa. On the ordinate are shown the units measure 


cause the chloride concentration to rise slight- 
ly and the pu to drop. Nevertheless we have 
found, as noted previously in patient J.B., 
that by run C, the new “basal” conditions 
prevail and there is no further change unless a 
drug is introduced. 

Basal gastric secretion of normal subjects 
contrasted with those of ulcer patients. In 
Table II are shown the basal secretory rates of 
a group of ulcer patients and in Figure 3 are 


for each of the 4 secretory entities. Runs C, D, E, and F 
are the “basal” runs and show, in all 5 experiments, repro- 
ducible results for chloride output (0.25 mEq./min.), 
secretory rate (2.0 c.c./min.), and chloride concentration 
(120 mEq./L). The px ranged around 2.5 but in 1 experi- 
ment was somewhat higher. The responses to acetylcholine, 
insulin, and related control substances are demonstrated 
in the runs G, H, I, and J, in the manner explained in the 
text. 


shown basal secretory findings for an ulcer 
patient analogous to Figure 2 for a normal 
individual. These show a gross difference in 
the secretory rate of ulcer patients and normal 
subjects, the difference being most striking in 
the chloride output rate. The ulcer patients 
secrete in the region of 3.3 cubic centimeters 
per minute, and 0.41 milliequivalent of 
chloride per minute. The chloride concentra- 
tion is also significantly elevated, to 125.7 
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TABLE II.—BASAL SECRETION IN DUODENAL ULCER PATIENTS 

patients ./min. mEq/L. 

m m m m 

Entire group 29 110 0.41 3-25 +1.2 125.7 +19.3 1.46 +0.7 
Acutely symptomatic 23 87 0.44 +0.15 3.48 £1.2 126.1 +18.4 1.40 +£0.69 
Mildly symptomatic 6 23 0.30 +0.09 2.38 0.51 124.7 + 24.3 1.7 +£0.94 
Males 25 95 0.41 +0.16 3-24 +1.2 125.8 + 20.0 1.49 +£0.79 
Females 4 15 0.37 to.11 2.05 +0.74 “125.3 +19.0 1.43 +£0.28 


milliequivalents per liter.1 The pu is signifi- 
cantly lower, at 1.5. 

In Figure 4 are shown the frequency curves 
for basal secretion of a group of normal pa- 
tients as contrasted with a group of ulcer pa- 
tients. The mean values for normal and ulcer 
patients are separated by a statistically sig- 
nificant difference although there is overlap 
of the data. It will be noted that there is a 
small peak in the ulcer secretory rate (cubic 
centimeters per minute) near the region of the 
normal mean. There were to ulcer patients 
whose secretory rates in terms of volume out- 
put per minute could be classed as high nor- 
mal or normal. Of these, 6 came to operation 
due to intractability; 1 had acute obstruction, 
and 3 had formerly had a positive history and 
x-ray of ulcer but presented atypical mild 
ulcer symptoms at the time of the test. Of 
these 10 patients, only 2 revealed secretory 
rates in terms of chloride minute output that 


Statistical comparison of the differences between means has 
been made throughout this work by using a standard expression 
for the critical ratio. When, in the text, the phrase “differs 
significantly” is used it denotes a critical ratio over 2.0 and strong 
statistical significance. ae. 

Critical ratio= 
Contrariwise, when critical ratios are lower than this and 


of borderline or no significance, the statement is made that the 
means ‘“‘do not differ significantly.” 


could be classed as normal. The remaining 8 
had chloride output values in the expected 
ulcer range as shown by the frequency curve 
for chloride output. There was no diphasic 
quality to this curve for this reason. 

Vagotomy, basal secretion. In Table III are 
shown the basal secretory data of a group of 
ulcer patients treated by vagotomy at vary- 
ing periods prior to observation. In Figure 5 
are shown the secretory findings of an ulcer 
patient before and after vagotomy. Within 
the vagotomy group itself there is no dif- 
ference between the “basal” levels for chlo- 
ride and hydrogen ion concentration found in 
runs C, D, E, and F, and those found in the 
fasting stomach before introduction of the 
dye-containing solution. This indicates a 
lesser response to the stimuli of intubation. 
The mean values for vagotomized patients all 
lie below the normal range and are below 
those of untreated ulcer patients. Table III 
also reveals a statistical comparison of two 
groups of vagotomy patients, the one examin- 
ed within 6 months of operation; the other 
after 6 months. It is apparent that the 
secretory rates of these patients examined 6 
months and longer after operation are con- 
sistently slightly lower than those examined 
nearer operation. 


TABLE III.—BASAL SECRETION IN VAGOTOMIZED PATIENTS 


Minute chloride Secretory rate {Chloride concentration 
No.of | No.of c.c./min. mEq/L. pu 
patients | nations 
m o m o m m 

Entire group 23 92 0.18 +0.10 1.89 +£1.04 90.3 + 23.3 3:7 £1.7 
Cases studied within 6 6 24 0.29 +0.10 2.77 £1.14 108.9 + 20.7 2.45 +08 

months postop. 
Cases studied later than 6 17 68 0.14 +0.07 1.58 +082 83.7 421.1 4.20 +1.71 

months postop. 
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Fig. 3. Adult male ulcer patient. Arrangement of data as in Figure 2. The results shown are 
for a single experiment on an ulcer patient in the acute phase of his disease. The chloride output 
rate, secretory rate, and chloride concentration are all significantly higher than in the normal sub- 
ject; pH is likewise lower. The acetylcholine response is essentially normal, as described in text. 


The response to locally applied acetylcholine 
chloride. In studies on the local effect of 
acetylcholine chloride, our initial effort was 
carried out to determine what concentration 
of acetylcholine produced any response what- 
soever in gastric secretion.’ A summary of the 
results of these tests carried out by a tech- 
nique of continuous gastric perfusion is shown 
in Figure 6. 

The concentration of acetylcholine in the 
perfusate must be 2,500 milligrams per liter 
or even higher in order to produce a consistent 


1[t should be noted that local application of acetylcholine 
causes an increase in salivation and in some instances consider- 
able nausea. 


secretory response in the stomach. In the 
studies to be mentioned in the following, 
acetylcholine was added to the perfusate in 
concentrations of 3,000 or 7,500 milligrams 
per liter. Since the amount of perfusate intro- 
duced was invariably 100 cubic centimeters, 
the total quantity of acetylcholine involved 
was either 300 or 750 milligrams. The acetyl- 
choline runs contained acetylcholine chloride 
and in order to avoid an excessive introduc- 
tion of chloride, this material was dissolved in 
solution suitably adjusted so that the total 
chloride concentration of 156 milliequivalents 
per liter was the same as that in the saline 
previously introduced. 
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Fig. 4. Frequency curves for our basal run data, con- 
trasting the findings in normal subjects with those in ulcer 
patients with respect to the 4 variables shown in Figures 2 
and 3 (chloride output rate, secretory rate, chloride con- 
centration, and pH). The data are based on findings in 37 
normal subjects and 29 ulcer patients. The means and 
standard deviations are shown along the abscissa. It is of 


In Figure 2 are also shown the responses of 
subject J.B. to the local application of acetyl- 
choline and certain other gastric stimulants 
used to compare the magnitude of the results. 
It will be noted that the change in secretory 
rate is most striking in terms of the chloride 
minute output. The change in volume secre- 
tion is also significant. The changes in chloride 
and hydrogen ion concentration are less pro- 
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interest that despite overlap, there is a strongly ri groan 
difference between the means of ulcer patients and normal 
subjects with regard to chloride output rate and secretory 
rate. In the concentration categories (chloride concentra- 
tion and px), the data are almost superimposable. This 
supports the contention that gastric juice is significantly 
altered in quantity, rather than quality, in ulcer disease. 


nounced. This suggests that the secretion of 
the parietal cell is constant in composition 
but variable in quantity. In Figure 2 the 
solid lines show the response of the stomach 
to acetylcholine in a concentration of 7,500 
milligrams per liter. The dotted lines show 
the response to insulin injected intravenously 
% hour previously. The effect on chloride 
output produced by insulin is of the same 
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Fig. 5. Vagotomy. Arrangement of data as in Figure 2. The results shown are for comparable experi- 
ments in the same patient before and 9 days after vagotomy. There is a drop in chloride output and secre- 
tory rates; chloride concentration is not altered; pH is raised. The responses to acetylcholine are nor- 


mal as described in the text. 


order of magnitude as that produced by the 
local application of acetylcholine chloride. 

It is important to determine whether or not 
this response to acetylcholine is a pharmacolo- 
gical response due to the specific organic con- 
figuration of the drug or whether it may be an 
artefact produced by some other nonspecific 
effect. To determine this, a mixture of choline 
and sodium acetate (the hydrolytic end- 
products of acetylcholine) was introduced into 
the stomach. No immediate response was 
elicited. In addition, the same acetylcholine 
employed in the other runs was subjected to 


alkaline hydrolysis in the autoclave and then 
used for test purposes on the stomach. Again 
no response was obtained. This heat-and- 
alkali-inactivated acetylcholine is nontoxic on 
intravenous injection in rabbits, a procedure 
which is rapidly fatal with the pharmacolo- 
gically active material.? 

In Figure 7 the responses to acetylcholine 
in various patient groups are indicated. In 

1The elevation in pH produced by choline plus acetate and by 
hydrolyzed acety!choline, as shown in Figure 2, is evidently due 
to no secretory effect of this substance but is the result of the 


simple neutralizing effect of these two solutions, both of which 
are alkaline. 
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Fig. 6. Relationship of response of basal gastric chloride 
output to varied doses of local acetylcholine. The concen- 
trations of acetylcholine applied to the stomach are shown 
along the abscissa; the percentage of increase in chloride 
output is shown as ordinates. To evoke a consistent re- 
sponse concentrations over 2,500 milligrams per liter must 
be used. Several experiments are averaged for each point 
with the single exception shown. 


the three groups of patients studied (normal 
individuals, ulcer patients, and vagotomized 
ulcer patients) in terms of secretory rate, the 
response to the drug is significant but the 
degree of response of the three groups is not 
significantly different the one from another. 
With respect to chloride concentration, only in 
the normal patient is there a statistically 
significant response elicited by acetylcholine 
despite the change in rate of chloride minute 
output. No group revealed a significant 
change in fH in response to acetylcholine. 

The secretory response to atropine has been 
studied in a few cases to quantitate the order 
of magnitude of response induced by this 
physiologic antagonist of acetylcholine (20). 
In Figure 8 is shown the response to atropine 
in two subject groups. This produces a change 
downward in chloride minute output roughly 
equivalent to the increased stimulation pro- 
duced by locally applied acetylcholine. 


DISCUSSION 


Significance of the chloride output rate con- 
trasted with chloride concentration. To inter- 
pret our data it is important to consider the 
source and concentration of chloride in gastric 
juice. 

A large fraction of the total chloride of 
gastric juice is covered by hydrogen ion. Rose- 
mann (in sham feeding experiments) found 


that only a small part of it (10 to 11 per cent 
in animals) is present as inorganic or neutral 
chloride covered by fixed base. In man, Toby 
(using histamine) found the neutral chloride 
fraction to be higher, approximately 20 per 
cent of the total chloride (51). The secretion 
of the parietal cell is primarily hydrochloric 
acid while the secretion of neutral chloride is 
derived from the mucous cells of the neck, 
scattered throughout the stomach but cen- 
tered in larger numbers in the pyloric antrum. 
The parietal cell contributes most of the chlo- 
ride in gastric secretion when the stomach is 
stimulated. In the resting state, contribution 
of chloride is probably more nearly equally 
distributed between mucous and parietal cell, 
the latter being less active. 

Gamble and MclIver, Stavraky, Ivy, and 
Cope (10, 11) have compared the chloride 
concentration of fundic and antral secretion 
in various mammals under various experi- 
mental conditions. In the experimental ani- 
mal (and probably the same is true of man), 
the actual concentration of chloride in pure 
fundic juice is not significantly different from 
that in the antrum. The chloride concentra- 
tion of gastric juice fluctuates within much 
narrower limits than do either acidity or 
volume of secretion. The minimum concen- 
tration, that of chloride in mucus, is not much 
less than the maximum as found in pure 
parietal cell secretion (24, 27). 

In terms of rate of chloride output (in 
sharp contrast to chloride concentration as 
outlined) much larger differences are found 
between the fundus and antrum. These dif- 
ferences are traceable almost entirely to dif- 
ferences in volume output of secretion in these 
two areas. Ivy found that in dogs, an antral 
pouch produced 1 to 5 cubic centimeters per 
hour regardless of stimulation (33). Hol- 
lander, using the dog’s fundic pouch, found 
secretory rates of 5 to 20 cubic centimeters per 
hour, depending largely on the degree and 
nature of stimulation (28). These differences 
in volume secreted by comparable amounts 
of antral and fundic mucous membrane were 
also substantiated by Cope’s observations on 
dogs (9). It may be concluded that the great- 
est part of the chloride and fluid content of 
gastric juice is produced by the cells of the 
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Fig. 7. Acetylcholine responses. Arrangement of data 
asin Figure 2. In addition, the various acetylcholine dosages 
are shown for each series of experiments. The basal secre- 
tion and acetylcholine responses are shown for normal sub- 
jects, ulcer patients, and vagotomized patients. Despite 


body and fundus, that area of the stomach 
richly supplied with parietal cells (51, 
52). 

Since the larger fraction of chloride ion pro- 
duction resides in the parietal cell area, the 
chloride minute output of the stimulated 
stomach should be interpreted as an expression 
of the activity of the parietal cell mass. 

Our studies, as noted previously, have 
served to support the beliefs held by Hollander 
and others relative to the chloride of gastric 
juice (1, 8, 24, 25, 28, 40, 55). In different 


the fact that the basal secretory rates differ significantly 
in the untreated ulcer patient, there is no significant dif- 
ference in the magnitude of acetylcholine response as be- 
tween any of 3 groups studied. Note negligible effect on 
concentration factors (chloride concentration and /x). 


individuals and in various disease states, the 
chloride concentration of the entire stomach 
may differ, though to a lesser extent than the 
chloride output rate. In any stomach there 
exists some potentiality for elevating chloride 
concentration in response to stimulation by 
such agents as histamine and insulin hypo- 
glycemia; and using acetylcholine as a local 
stimulant in normal subjects, we have found 
that a small but significant elevation of chlo- 
ride concentration also occurs. In ulcer pa- 
tients whose initial chloride concentration is 
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Fig. 8. Response to intravenous atropine. The change in 
chloride output rate produced by atropine in normal and 
ulcer patients is shown. 


higher, the change following stimulation with 
acetylcholine is not significant. This suggests 
that there is a “ceiling” concentration of 
chloride, above which the stomach cannot 
rise. 

In summary, it is apparent that the chloride 
minute output varies over a much wider range 
than the chloride concentration, since it is a 
measure of rate (relatively variable) rather 
than concentration (relatively fixed). That 
the rise in chloride ion output following stimu- 
lation is almost completely a function of in- 
creased activity of the parietal cell and not a 
proportional increase in mucous cell chloride 
has also been suggested by past investigators 
(24, 55), and in its essentials, this concept has 
been corroborated by us. Gastric juice from 
various patients was subjected to analysis for 
total chloride. A comparable quantity of the 
same specimen was then placed in a beaker 
and heated to dryness resulting in volatiliza- 
tion of free hydrochloric acid. Analysis of this 
end-product for chloride was then carried out. 
The difference between the two chloride 
values represents the amount of chloride ion 
existing as hydrochloric acid. From these 


1Our data, with acetylcholine as a stimulant, also reveal that 
this potentiality for elevating chloride concentration does not 
exist in the ulcer group following vagotomy. This same clinical 
group is able to elevate chloride concentration following insulin 
hypoglycemia. 


values the relative amounts of neutral and free 
chloride may be ascertained. It is apparent 
that in the resting state, the neutral chloride 
represents 50 to 75 per cent of the total chlo- 
ride and may reach too per cent in cases with 
no free acid. Following stimulation, and using 
the same techniques noted, we found that 
there are varying degrees of fall in the relative 
amount of neutral chloride. Following his- 
tamine, the neutral chloride levels fell to 30 
per cent of the total chloride. Following 
insulin hypoglycemia, the values for neutral 
chloride fell to 45 per cent. Following intro- 
duction of pure acetylcholine into the stomach, 
neutral chloride values fell consistently but 
did not reach levels as low as those found after 
insulin and histamine. Neutral chloride may 
drop 25 to 50 per cent of its resting unstimu- 
lated value following acetylcholine administra- 
tion. 

Significance of the dye dilution technique. 
Largely through the recent work of Schoen and 
Griswold, the dye dilution technique of gastric 
secretory study has been developed to a point 
where many of its faults have been eliminated 
(5, 29, 30, 51, 41, 47, 57). What sources of 
error still exist may be listed as follows: 

1. The swallowing of saliva will contami- 
nate gastric juice and has been avoided by 
training the patients to expectorate all saliva 
during study. 

2. Regurgitation of duodenal contents back 
through the pylorus may affect the gastric 
secretory rate and contents as measured by 
this technique since dye occasionally enters 
the stomach from below during a run. When 
this occurs there is usually a discernible excess 
of recovered dye. This occurrence, which we 
have termed ‘duodenal reflux,” has been 
found to occur most frequently among vago- 
tomized patients given acetylcholine locally. 

3. Exchange of water across the stomach 
wall does occur as Bandes and Hollander, 
Wilhelmj (57), and Cope (10) have shown. 
Because its absorption is considered minimal, 
we have used isotonic saline as a vehicle for 
phenol red despite its known secretagogue 
action on the stomach (5). Phenol red itself 
is not absorbed by the stomach or subjected to 
any chemical change while in the stomach, as 
nearly as can be determined (41). 
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4. Incomplete aspiration of dye at the close 
of one run will obviously lead to calculated 
error in gastric secretory rate for that run and 
for the succeeding run also. In normal sub- 


jects and ulcer patients, the degree of incom- — 


plete aspiration is minimal (44). The atony of 
the stomach following vagus section increases 
the possibility of this error in the vagotomy 
group. 

5. The mathematical formulas developed 
by Schoen are dependent on the hypothesis 
that the rates of gastric secretion and empty- 
ing are constant throughout the run. For 
gastric secretion this is probably true but for 
gastric emptying the hypothesis is open to 
criticism. In an attempt to subject this in- 
vestigative method and its mathematical for- 
mulas to critical analysis we have designed an 
experimental glass stomach in which “gastric” 
secretion and emptying have been controlled. 
The stomach consisted of a flask with a me- 
chanical stirrer, a stopcock at the bottom 
representing the pylorus and a burette set into 
the flask from above representing gastric se- 
cretion. A procedure was followed exactly 
imitating the procedure carried out in the 
patient, and conflict between calculated and 
actual rates could be measured (Fig. 9). Var- 
ious volumes of gastric juice (Vs) were intro- 
duced into the experimental stomach at con- 
stant rates, and various amounts of the mixed 
gastric juice were allowed to leave the stomach 
during the run (Vs), the rate of exit being 
sometimes constant, and sometimes intermit- 
tent. The calculated values for V, and V3; for 
a large series of experimental runs were found 
to be 5.8 per cent and 4.3 per cent higher, 
respectively, than the actual amounts. Larger 
actual volumes gave lower relative errors. 
When corrections of this magnitude are arith- 
metically introduced into the results herein 
reported, the statistical difference in secretory 
rates between normal, ulcer, and vagotomized 
patients is not altered. Such errors would 
scarcely be worth while discussing were it not 
for the fact that these methods, when carefully 
applied, come so close to giving us reproduci- 
ble and constant results for one of the most 
elusive physiologic quantities—the rate of 
gastric secretion—that every source of.error 
should be subjected to critical analysis. 
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Fig. 9. Glass stomach. Diagram of apparatus employed 
to check the validity of formulas used in this pro, In 
this apparatus, it is possible to reproduce in vitro the 4 
volume entities illustrated in Figure 1, and to compare 
calculated secretory and emptying rates with the actual 
measured volumes. The results of this comparison are 
described in the text. 


Significance of acetylcholine results. The in- 
timate role of acetylcholine in the physiology 
of the stomach with particular reference to the 
vagus nerves has been shown by many inves- 
tigators. Wilkinson showed that subcutan- 
eously administered acetylcholine increases 
the rate of gastric secretion (58). Dale and 
Feldberg found that stimulation of the vagus 
nerve in the dog resulted in the release of 
acetylcholine into the gastric vein, which 
could then be identified by its action on 
eserinized leech muscle. Bloch and Necheles 
discovered that acetylcholine exists in canine 
and human gastric juice (7, 36, 37). They 
were also able to show that canine and human 
gastric juice do not destroy acetylcholine and 
that neither gastric juice nor swallowed saliva 
contained cholinesterase, the normal enzyma- 
tic substance which destroys acetylcholine. 
Furthermore experimental work by Necheles 
and his group revealed that parenterally ad- 
ministered acetylcholine and other choline 
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derivatives such as mecholyi resulted in a 
vagal type of gastric secretion in humans with 
increase in volume, pepsin, and acidity (38). 

At the same time, it was shown by Vine- 


burg (53) and Babkin (3, 4) that in the dog, - 


weak vagal stimulation results in production 
of mucus from surface cells, whereas strong 
stimulation causes an outpouring of acid, 
mucus, and particularly of pepsin. This latter 
type of secretion was similar in all respects to 
the secretion in dogs following administration 
of choline derivatives such as mecholyl (21, 
50). There is thus substantial evidence that 
acetylcholine is the chemical mediator for 
parasympathetic nerve impulses to the stom- 
ach wall, giving stimulation to the production 
of pepsin, hydrochloric acid, and mucus. There 
is also substantial evidence that histamine in 
some way, presumably humoral, functions to 
stimulate the production of hydrochloric acid 
from the parietal cell (6, 13, 18, 51, 54). The 
release of acetylcholine at nerve endings in 
the stomach wall may result in an ensuing 
release of histamine which in turn stimulates 
the parietal cell (2). 

The effect of acetylcholine on the stomach 
was studied with the following points under 
consideration. 

1. Does acetylcholine affect gastric secre- 
tion in a fashion analogous to insulin hypo- 
glycemia—a stimulus known to travel over 
the vagi? 

2. Is there any difference in normal pa- 
tients and ulcer patients as regards their re- 
sponse to acetylcholine? 

3. Is there any alteration in the ulcer pa- 
tients’ response to acetylcholine after section 
of the vagus nerve? 

4. Is there any evidence that vagus nerve 
division sensitizes the stomach to the vagus 
mediator, acetylcholine? 

Our data have served to answer these ques- 
tions as indicated in the text and in the con- 
clusions following. 


CONCLUSIONS 


With reference to this technique of study: 
1. The “chloride minute output” is an ex- 
pression of gastric secretory rate derived from 
a combination of the dye dilution method and 
inorganic chloride analyses. It is an expression 


of gastric secretory rate predominantly trace- 
able to parietal cell activity. This method 
yields in 3 to 4 hours of study data on total 
gastric secretory activity not available in any 
other way in the human patient. 

2. The veracity of the dye dilution method 
and its attendant mathematical treatment 
may be subjected to critical analysis by means 
of a “glass stomach.” A small error due prob- 
ably to colorimetric technology is found in the 
presence of acid and protein. This error 
amounts to 3 to 5 per cent and is small in 
biological terms, yet it merits consideration 
when dealing with a method which so closely 
approaches the ideal of a quantitative gastric 
secretory analysis. 

With reference to the results in the un- 
stimulated stomach: 

1. The chloride minute output is capable 
of demonstrating wide fluctuations in gastric 
secretory activity. There exist moderate 
though significant differences in chloride and 
hydrogen ion concentrations in different clin- 
ical conditions. The results suggest that 
parietal juice varies more with respect to 
quantity than with respect to quality. 

2. The chloride minute output for the nor- 
mal human subject is 0.24 milliequivalent per 
minute; for the ulcer patient, 0.41 milliequiv- 
alent per minute. Section of the vagus nerves 
appears to lower the chloride minute output 
of the ulcer patient to 0.18 milliequivalent per 
minute. These differences are all statistically 
significant. 

3. The rate of loss of secretion through the 
pylorus (the evacuation rate) is in the range 
of 6.0 cubic centimeters per minute for both 
the normal subjects and the ulcer patients. 
In the ulcer patient, following vagotomy, the 
rate drops to 3.5 cubic centimeters per minute. 

4. Duodenal reflux or regurgitation back 
into the stomach is much more common in 
vagotomized ulcer patients than in normal in- 
dividuals or ulcer patients. This fact is sub- 
stantiated by the gastroscopic finding of an 
open pylorus in postvagotomy stomachs (39). 

5. The passage of time appears to effect no 
change in the reduction of chloride minute 
output seen following vagotomy. 

With reference to the results in the stomach 
stimulated by local acetylcholine: 
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1. The local application of acetylcholine to 
the stomach in concentrations between 3,000 
and 7,500 milligrams per liter produces a con- 
sistent statistically significant secretory rate 
response in normal individuals, ulcer patients, 
and patients following vagotomy. Except in 
the normal group, as noted previously, there 
is no response in chloride or hydrogen ion con- 
centration following stimulation with this 
drug. 

2. The magnitude of the secretory response 
produced is similar to that produced by stim- 
ulants such as histamine and insulin hypo- 
glycemia. 

3. There is no statistical difference between 
the responses produced in normal individuals, 
ulcer patients, or vagotomized ulcer patients. 

4. Vagotomy evidently produces no sensi- 
tization to this normal chemical mediator of 
the parasympathetic nervous system. 

5. The local effect of acetylcholine is due 
to its particular organic configuration and is 
not a nonspecific effect of its chemical con- 
stituents. 

6. Local application of acetylcholine re- 
duces the evacuation rate in the three groups 
studied. The application of acetylcholine also 
increases the frequency of duodenal reflux in 
the vagotomized patients. This physiological 
change may be the basis for some of the post- 
operative symptoms experienced and is sug- 
gestive of loss of the normal peristaltic gra- 
dients between stomach and duodenum. 


SUMMARY 


1. The chloride output rate as an expression 
of human gastric secretory activity and its 
determination by a combination of the dye 
dilution technique and inorganic chloride an- 
alyses, are described. 

2. The findings in normal patients, ulcer 
patients, and ulcer patients subjected to va- 
gotomy are described. 

3. Rate factors (chloride output and secre- 
tory rate) are subject to wider and apparently 
more significant variation than concentration 
factors (chloride concentration, free and total 
acid, and px). 

4. This suggests that gastric cell activity 
varies quantitatively more than it does quali- 
tatively. 


5. Ulcer patients in an active phase of their 
disease have a chloride output rate which is 
elevated. This fact should be useful in differ- 
entiating active ulcer cases from other gastro- 
intestinal disturbances and in planning sur- 
gical treatment intended to decrease acid 
secretion. 

6. Following vagotomy the chloride output 
rate is low and remains low for a prolonged 
period. 

7. The response in normal subjects and 
ulcer patients to locally applied acetylcholine, 
the normal parasympathetic mediator, is de- 
scribed. We have no evidence that ulcer pa- 
tients are ‘“‘hyperreactors” to acetylcholine or 
that vagotomized patients are sensitized to 
this substance. 

8. Factors of importance in the interpreta- 
tion of these data are discussed. 
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LECITHINASE AND HYALURONIDASE IN EX- 
PERIMENTAL INTESTINAL OBSTRUCTION 


CARLOS A. TANTURI, M.D., RAYMOND E. ANDERSON, M.D., and 
JUAN F. CANEPA, M.D., Chicago, Illinois 


O single factor can be held responsi- 
ble for death from obstructions of 
the intestinal tract. When an ob- 
struction occurs, the sequence of 

events leading to death is the result of a bal- 
ance of many factors operating during the 
course of the disease. The loss of fluids and 
electrolytes, the toxic effect of products of 
bacterial growth and tissue autolysis, and the 
stimulation of autonomic nervous centers by 
the distended segment of bowel, all contribute 
in some degree, to the altered physiological 
status of the patient. 

When evaluating the relative importance of 
the factors contributing to the morbidity and 
mortality from intestinal obstructions, recog- 
nition must be made of the nature of the ob- 
struction being considered. The level at which 
the obstruction occurs, the period of time 
which has elapsed since the obstruction de- 
veloped, and the type of obstruction, whether 
simple or strangulated, are all important ele- 
ments in determining the progress of the dis- 
ease. If strangulation of the intestinal tract 
has occurred, the length of the involved loop 
and the degree of vascular obstruction must be 
taken into consideration. Only after a careful 
evaluationand understanding of thepart played 
by each of these variations can the proper em- 
phasis be placed on any single factor in the 
pathological mechanism leading to death. 

In recent experimental studies dealing with 
medium length strangulation obstructions of 
the terminal ileum of the dog (1), the toxin of 
several pathogenic species of the clostridium 
organisms was directly identified in the pro- 
ducts of the strangulated intestinal segment. 
This direct identification was made possible 
because of the recent demonstration of the 
enzymatic properties of the clostridium toxin. 


From the Department of Surgery, Northwestern University 
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In 1939, Nagler demonstrated that an opal- 
escence appeared in human serum when it was 
mixed and incubated with the toxin of Clos- 
tridium welchii. Macfarlane, Oakley and An- 
derson (7) in 1941, repeated the experiment, 
but used also a crude lecithovitellin solution 
and reported that in the latter reaction a 
stronger opalescence developed. These work- 
ers postulated that the alpha toxin of the Clos- 
tridium welchii was responsible for this opal- 
escence. In 1941, Macfarlane and Knight (6) 
identified the enzyme lecithinase as the agent 
responsible for the production of the turbidity, 
and indicated that this enzyme was probably 
identical with the lethal, alpha component of 
the Clostridium welchii toxin. 

Van Heyningen, in 1941, described a meth- 
od for estimating the amount of toxin by meas- 
uring the turbidity produced in the lecitho- 
vitellin solution when hydrolysis by the 
lecithinase had taken place. Crooke in 1942, 
and Hayward and McClean (10) in 1943, 
also studied the reaction and confirmed the 
work of the earlier investigators. 

Recently, McClung has presented data to 
show that other members of the clostridium 
group of organisms are also capable of pro- 
ducing lecithinase. Zamecnik and his co-work- 
ers have developed manometric methods for 
measuring the lecithinase activity of clostridia 
filtrates and have further investigated and sub- 
stantiated the lecithinase production by clos- 
tridium organisms. 

In our earlier investigation the identifica- 
tion of the toxin of the clostridia in the pro- 
ducts of strangulated intestine was undertak- 
en by the turbidimetric method (1). Degrees 
of opalescence were recorded spectrophoto- 
metrically, but a direct measurement for the 
amount of toxin present was not attempted. 

The present study was undertaken with a 
threefold purpose in mind. First, a direct 
measurement of the amount of toxin present 
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TABLE I.—ANALYSIS OF THE ABDOMINAL FLUID 
AND CONTENTS OF STRANGULATED SMALL 
INTESTINE IN THE DOG. 


Lecithinase Hyaluronidase 


c.c. of material in 
Hour Mouse M.L.D. /c.c. which detected 
Dog __—jreoperated 
upon 
Abdominal) Intestinal |Abdominal] Intestinal 
fluid contents fluid contents 
I 6 0.9 7.8 ° ° 
2 18 1.8 ° +031 
3 19 0.8 ° .031 
4 18 1.5 14.0 ° 031 
5 17 1.67 10.0 ° .0625 
6 6 3.0 9.5 ° 0.125 


was attempted. Second, the chemical analysis 
for the products of the lecithin hydrolysis was 
undertaken in order to confirm the fact that 
the production of turbidity was actually due 
to the breakdown of the protein-fat emulsion 
present in the lecithovitellin solution, when 
hydrolysis of the stabilizing lecithin had taken 
place. Finally, the presence of the main lethal 
component of the clostridium toxin in the pro- 
ducts of strangulated intestine made necessary 
the investigation of another factor closely as- 
sociated with this type of lesion. It has been 
known for many years that the organisms of 
the clostridium group, the streptococci, staph- 
ylococci and pneumococci produce substances 
which are capable of increasing the permeabil- 
ity of the connective tissue. The investigations 
of Chain and Duthrie, McClean (8, 9), Hum- 
phrey, and Meyer and his co-workers (12, 13) 
have shown that the mucolytic enzyme hy- 
aluronidase is one of the chief components of 
this ‘‘spreading factor.” The presence of such 
an enzyme in the gangrenous products of 
strangulated intestine, may play a vital role in 
the pathology of this type of lesion. Analysis 
of the abdominal fluid and strangulated intes- 
tine contents for hyaluronidase, therefore, 
was undertaken. 


METHODS 


Adult mongrel dogs were used in the experi- 
ment. The animals were fasted for 24 hours, 
then given morphine and nembutal anesthesia. 
A small, lower midline incision was made and 
the small intestine identified. A heavy cotton 


ligature was placed about the base of a 25 
centimeter loop of terminal ileum and tight- 
ened until arterial pulsations were barely pal- 


pable in the mesenteric vessels. The wound 


was closed and the animals returned to their 
cages. 

At varying periods following this procedure 
(Table I) the animals were again anesthetized, 
the abdominal cavity reopened and from 25 to 
30 cubic centimeters of the thin, dark abdomi- 
nal exudate was removed from the peritoneal 
cavity and placed in a flask. The dark, dilated 
loop of intestine was then resected, and its con- 
tents placed in a second flask. Strict aseptic 
technique was carried out during both pro- 
cedures. 

If, at the time of the second procedure, the 
dilated intestinal loop had ruptured, the ani- 
mal was discarded from the series. Only those 
animals in which the bowel was grossly intact 
when removed, were used in the experiment. 

The contents of both flasks were then cen- 
trifuged at 1500 revolutions per minute for 1o 
minutes to remove most of the particulate 
matter. The supernatant was passed through 
a Seitz filter and the clear red filtrate used for 
the study. 

Turbidimetric analysis of the abdominal 
exudate and intestinal contents was carried 
out according to the method described by Van 
Heyningen. Suitable blanks were introduced 
to compensate for the color difference of the 
samples analyzed. Turbidity readings were 
carried out on a Coleman universal spectro- 
photometer at 560 mu. As the turbidity pro- 
duced by a given amount of toxin is known to 
vary with different lecithovitellin solutions and 
with the age of the solution, control reactions, 
standard Clostridium welchii toxin being used, 
were carried out each time an unknown solu- 
tion was analyzed. This was done in the 
following manner. 

Several concentrations of the toxin were 
prepared and the turbidity produced by each 
of these amounts, after 15 minutes incubation 
at 37 degrees C., was measured on the spectro- 
photometer. A curve of this control reaction 
was then charted. Five-tenths of a cubic centi- 
meter samples of the unknown fluids were then 
analyzed, the same standard conditions being 
used, and turbidity values were read from the 
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control graph. The potency of the unknown 
solution was then computed in minimum lethal 
doses (mouse) per cubic centimeter of the 
fluid. 

Macfarlane’s investigations had shown that 
the hydrolysis of the lecithovitellin solution 
decomposes the lecithin present into phos- 
phocholine and a di-glyceride. During the hy- 
drolysis the original lipin phosphorus and most 
of the phosphorus originally present in the pro- 
tein component, are converted into the acid 
soluble form. By measuring this acid soluble 
phosphorus, therefore, an estimation can be 
made of the degree of hydrolysis which has 
taken place. Macfarlane’s method for colori- 
metrically determining this product (6) was 
used by us in this experiment. 

Hyaluronidase determinations were done by 
the mucin clot prevention method, as described 
by McClean (10). Serial dilutions of the sam- 
ples, from 1 part in 2 (0.5 c.c.) to 1 part in 32 
(.031 c.c.) were analyzed. Results were re- 
corded as the smallest amount of exudate in 
which the enzyme appeared. 


RESULTS 


The abdominal exudate and intestinal con- 
tents of 6 animals were studied. 

Lecithinase was identified by the turbidity 
method in each material from all 6 dogs. 
Amounts of the toxin, as measured in M.L.D. 
(mouse), ranged from o.9 to 3.0 per c.c. of the 
abdominal fluid and from 7.8 to 14.0 per c.c. 
D the strangulated intestinal contents (Table 
I). 
The abdominal fluid and intestinal contents 
proved to be an unsuitable medium for the 
determination of acid soluble phosphorus lib- 
erated during the hydrolysis according to 
Macfarlane’s method. The high initial con- 
tent of acid soluble phosphorus made it neces- 
sary to use such minute amounts of samples 
and aliquotes, that it was impossible to detect 
any increase in phosphorus when working with 
the samples of lowest lecithinase activity. 
Readings were positive, therefore, only for the 
intestinal contents, which contained relatively 
higher concentrations of the enzymes. The 
abdominal fluids were negative in each case. 
The results obtained were noted in the fol- 
lowing table: 


Gamma of acid soluble phosphorus 
liberated per c.c. fluid. 
Dog Abdominal fluid Intestinal contents 
I ° 3.6 
2 ° 7.2 
3 ° 7-2 
4 ° 8.0 


Furthermore, it was found that hemolyzed, 
saline washed blood cells demonstrated a strong 
inhibitory action of the activity of the lecithi- 
nase, as registered by turbidimetric measure- 
ment. This is a significant factor, as every 
fluid removed from the experimental animals 
contained a considerable percentage of hemo- 
lyzed blood cells. 

Hyaluronidase was identified in varying 
amounts in 5 of the 6 intestinal fluids studied 
(83.3 per cent), but we were unable to identify 
its presence in any of the 6 abdominal fluids. 
Assays for this enzyme were then carried out 
on 4 samples of fecal matter, and all 4 of the 
samples were negative. 


SUMMARY AND CONCLUSIONS 


The identification and estimation of the 
toxin of the clostridium organisms inthe pro- 
ducts of strangulated small intestine in the dog 
substantiates the hypothesis that such a toxin 
plays an integral part in the pathological pro- 
cess occurring during this type of disease. 

Although relatively higher titers of the 
enzyme were found in the intraluminal con- 
tents, significant amounts were detected in the 
abdominal fluid when perforation of the intesti- 
nal wall had not occurred. When one considers 
that the amount of peritoneal fluid, present 
with a strangulated intestinal obstruction 
ranges from 100 to 200 cubic centimeters in 
the experimental animal, the presence of from 
0.9 to 3.0 mouse minimum lethal doses per 
cubic centimeter of the fluid, presents a very 
definite factor for consideration in the morbid 
process. The disintegration of the lipopro- 
tein components of the host’s tissues, could 
very well be held responsible for many of the 
physiological alterations which are observed 
in dying animals. 

The presence of hyaluronidase in 83.3 per 
cent of the intraluminal contents of strangu- 
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lated intestine is also of definite significance. 
Our control studies have indicated that such 
an enzyme is not present in the contents of 
normal intestine. It would appear likely that 
the mucolytic properties of such an enzyme 
may help alter the permeability of the intesti- 
nal wall, and in this manner a more rapid 
evolution of the gangrenous process is per- 
mitted. 

It must be clearly emphasized that the pres- 
ence of lecithinase and hyaluronidase in the 
products of strangulated intestine, are not the 
only factors which help bring about the death 
from this type of lesion. We have undertaken 
this study in an effort to analyze more care- 
fully the toxic properties of the gangrenous 
exudate, in the hope that by so doing, we may 
gain a better understanding of the relative im- 
portance of the local area of gangrene in the 
mechanism leading to death. 


. ANDERSON, R 


. MACFARLANE, 
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SURGICAL TREATMENT OF CONSTRICTIVE VALVULAR 
DISEASE OF THE HEART 


HORACE G. SMITHY, M.D., F.A.C.S., JOHN A. BOONE, M.D., F.A.C.P., and 
J. MANLY STALLWORTH, M.D., Charleston, South Carolina 


N previous communications (15, 18), cer- 
tain experimental and clinical observa- 
tions have been presented concerning a 
direct surgical approach to the aortic and 

mitral valves of the heart. As a result of pro- 
longed laboratory investigation in a large 
series of dogs, both a standardized surgical 
technique and a satisfactory means of control- 
ling arrhythmias arising during operation for 
valvular stenosis have been developed. The 
present report concerns clinical observations 
and early results in 7 patients subjected to 8 
operations for mitral stenosis due to rheumatic 
heart disease. 


HISTORICAL 


The initiating influence leading to the first 
attempts at the surgical treatment of stenosis 
of the heart valves is generally attributed to 
Sir Lauder Brunton, of England. In 1902, he 
apparently was the first to suggest that con- 
strictive valvular disease might be treated best 
by operative methods. However, it remained 
for Doyen to make the initial attempt at ac- 
tual surgical treatment in 1913, his efforts 
being unsuccessful in a case of congenital pul- 
monic stenosis. In the following year, Tuffier 
reported improvement in the condition of a 
patient having aortic stenosis after digital di- 
latation of the aortic valve by invagination of 
the wall of the ascending aorta. After this 
truly remarkable procedure, several years 
elapsed until Cutler and his associates (5, 6) 
began an exhaustive experimental study of the 
problem in the early 1920’s. Their efforts in 
the laboratory led to the surgical treatment 
by them between the years 1923 and 1928, of 
7 patients, having mitral stenosis due to rheu- 
matic heart disease. Meanwhile, 3 other in- 
stances of a direct surgical attack upon con- 
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strictive mitral valvulitis were reported. In 
1923, Allen and Graham (1, 2) attempted to 
relieve a stenosis of the mitral valve by means 
of a cardioscope which afforded some degree 
of visualization of the intracardiac structures. 
In England, Souttar (1925) accomplished di- 
latation of a narrowed mitral orifice by his 
finger, while in the same year in Germany, 
Pribram applied the technique of Cutler to a 
patient having mitral stenosis. Technically, 
the mears employed by the aforementioned 
individuals to enlarge the mitral opening con- 
sisted of valvular, or leaflet, division with a 
tenotome knife (4 cases), partial excision of 
the scarred valve by direct inspection through 
the cardioscope (1 case), blind partial excision 
of the valve with a cardiovalvulotome (5 
cases), and digital dilatation (2 cases). Of the 
12 patients treated by these methods, there 
were g deaths; 8 occurred from a few hours to 
a few days after operation and 1 death oc- 
curred on the operating table, a mortality of 
83 per cent. It is of singular interest that of 
the 3 patients recovering from operation, all 
of whom were reported as improved, 2 were 
treated by digital dilatation of the affected 
valve. 

Following treatment of the last patient in 
the above group (1928), there was a lull of 
some 18 years in the reported attempts to ap- 
ply surgical methods to the management of 
valvular stenosis in human subjects. Mean- 
while, however, Powers and his associates (8- 
12) had made several valuable contributions 
to the experimental aspects of surgery of the 
heart valves. In 1945, after experimental in- 
vestigation in animals, Bailey approached 
the problem of treatment of mitral stenosis in 
human subjects by surgical methods. His 
work in this field is still in progress. By an 
ingenious method of dividing the mitral valve 
at the fused commissures under digital control, 
a procedure which he has called ‘‘commissuro- 
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tomy,” Bailey has made a valuable contribu- 
SURGICAL TECHNIQUE 

The technique of mitral valvulotomy which 
we have employed in human patients, more 
appropriately called partial mitral valvulec- 
tomy, is a direct outgrowth of laboratory in- 
vestigations of the aortic valve in dogs (15, 
16). Anatomically, the mitral valve can be 
reached by a suitable instrument by way of 
either the left ventricle or the left auricle. 
Regardless of the approach, the objective re- 
mains the same, namely, excision of a segment 
of scarred valvular leafiet from the margin of 
the constricted orifice so as to permit a greater 
flow of blood from the auricle to the ventricle 
through the affected valve. The instrument 
used in all of our cases contains 2 serrated cut- 
ting surfaces, 1 telescoping into the other, so 
as to resemble closely the principle of a biopsy 
punch (Fig. 1). 

Of the 8 operations performed, the ventric- 
ular approach alone was employed in 4 cases, 
the auricular approach alone in 3, while both 
methods were utilized in 1 patient at a single 
operation. 

Transventricular method. With the patient 
under endotracheal nitrous oxide-ether-oxy- 
gen anesthesia, a curved, left parasternal and 
submammary skin incision is made (Fig. 2). 
The left breast is reflected upward from the 
chest wall, followed by reflection of the under- 
lying pectoral muscles to expose the rib cage. 
Depending upon the size of the heart, sub- 
periosteal removal of the fourth or fifth rib 
from the sternum to midaxillary line is ac- 
complished next, along with excision of a seg- 
ment of costal cartilage immediately above 
and below the resected rib. The pleural cavity 
is entered through the bed of the resected rib. 
By means of rib spreading retraction, a large 
portion of the left border of the heart and 
pericardium is exposed. The pericardium is 
opened widely in its long axis by an incision 
running parallel and anterior to the phrenic 
nerve. At this point, careful evaluation by 
gross inspection should be made of the status 
of cardiac irritability. The next step is the 
topical application of 5 to 20 cubic centimeters 
of 2 per cent aqueous procaine over the surface 
of the heart. The solution is allowed to pool in 


the pericardial sac so as to bathe the epicardi- 
um thoroughly. In a previous report, we (14) 
have stated that this procedure, in our hands, 
has afforded protection against cardiac arrhy- 
thmias in experimental animals to only a 
limited degree. We have used it routinely in 
human patients, however, in the belief that 
every available means should be employed to 
prevent serious disturbances of cardiac rhy- 
thm. 

The heart is manually displaced into the 
operative wound so as to expose its entire 
apex. This maneuver is tolerated well in most 
instances but may be accompanied by numer- 
ous irregularities in ventricular rhythm (14). 
With the apex exposed, and the organ stabil- 
ized in position by the left hand of the opera- 
tor, a relatively avascular area of the left 
ventricular myocardium near the termination 
of the left anterior descending coronary artery 
is infiltrated with 5 to 15 cubic centimeters of 
I per cent procaine. It is to be noted that the 
injection of procaine is intramural and not into 
the chamber of the ventricle. In earlier ex- 
perimental studies, we (14, 16) have found 
that the most serious disturbances of rhythm 
occur in connection with placement of a purse- 
string suture in the cardiac apex and with pas- 
sage of the valvulotome through the ventri- 
cular myocardium. Arrhythmias arising from 
these procedures can be virtually eliminated 
by the prior intramural infiltration of pro- 
caine (14). After the infiltration has been 
completed, a pursestring suture of No. oo 
chromic catgut is placed in the procainized 
area (Fig. 3). 

Cardiotomy is accomplished next, the open- 
ing in the left ventricle being made within the 
confines of the purse-string suture. A No. 11 
Bard-Parker blade is used so as to minimize 
bleeding. The amount of hemorrhage from 
the cardiotomy wound has varied consider- 
ably, being negligible in most but of gushing 
proportions in some. Control of bleeding is 
readily accomplished by digital pressure until 
the valvulotome is quickly introduced into the 
ventricular chamber. At this point, the purse- 
string suture is held snugly about the instru- 
ment by an assistant, effectively controlling 
hemorrhage during the subsequent manipula- 
tion. The valvulotome is advanced slowly 
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toward the mitral valve, the serrated biting 
surfaces being held closed during the intra- 
cardiac manipulation of the instrument (Fig. 
4). As the distal tip of the valvulotome makes 
contact with the thickened and scarred mitral 
leaflets, a “‘slapping”’ sensation is imparted to 
the shaft of the instrument and is readily ap- 
preciated by the guiding hand of the operator. 
Additional aid is obtained in directing the in- 
strument by digital palpation with the oppo- 
site hand through the wall of the left auricle. 
As the valvulotome passes through the nar- 
rowed mitral orifice into the auricular cham- 
ber, the biting surfaces are opened and di- 
rected anteriorly. Engagement of the an- 
terior margin of the stenotic valve occurs 
readily as the instrument is withdrawn toward 
the ventricle (Fig. 5). When engagement has 
occurred, the serrated cutting surfaces are 
closed. In this manner, a segment of fibrous 
valvular tissue measuring usually about 0.8 
to 1 centimeter is removed and held snugly 
within the telescoping cutting mechanism of 
the instrument in a space provided especially 
for this purpose, so as to prevent release of the 
tissue within the heart. After withdrawing 
the valvulotome, the pursestring suture is 
tied so as to close the cardiotomy wound (Fig. 
6). Closure is reinforced by interrupted su- 
tures of silk. In each patient operated upon 
thus far, the pericardium has not been closed 
except in 2 instances in which partial peri- 
cardial suture has been necessary to bring 
about fixation and stabilization of a gelatin 
sponge in the control of hemorrhage from the 
heart itself (18). 

After partial valvulectomy has been ac- 
complished, the pleural and pericardial cavi- 
ties are emptied as completely as possible by 
suction of clots, blood, and other fluid. Clos- 
ure of the thoracic wound is carried out in 
layers with interrupted silk sutures. Drainage 
of the thoracic cavity by means of an intercos- 
tal catheter is a measure carried out as a 
routine procedure. 

Transfusion of whole blood is given 
throughout operation in every instance. 

Transauricular method. Anesthesia and in- 
cision are the same as in the transventricular 
approach. The thoracic cavity is entered 
through the bed of the third rib after resection 
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Fig. 1. The valvulotome was used on all the cases pre- 
sented. It contains 2 serrated cutting surfaces one of which 
telescopes into the other. 


of a segment of the second and fourth costal 
cartilages. The pericardium is opened widely 
exposing the auricular appendage, the left 
atrium, and the pulmonary conus. Topical 
procaine is applied to the heart. The myo- 
cardium of the auricular appendage is infiltra- 
ted circumferentially midway between the 
base and the tip of the structure. A purse- 
string suture is placed in the infiltrated tissue 
so as to encircle the appendage completely. 
While the latter is held at its base by a soft- 
bladed nonlocking clamp, the tip is opened to 
admit the valvulotome, whereupon the purse- 
string suture is drawn taut about the shaft of 
the instrument for hemostasis. After removal 
of the soft-bladed clamp, the valvulotome is 
advanced into the auricular chamber. With a 
guiding finger of the opposite hand placed 
posteriorly, manipulation of the distal portion 
of the valvulotome into the mitral valve is 
carried out next. As in the method described, 
the biting surfaces are held closed until they 
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Skin incision 


Fig. 2. This figure and the next 4 — show the steps 
of partial mitral valvulectomy through a transventricular 
approach. The insert shows the skin incision. The pleural 
cavity is entered through the fourth or fifth rib bed de- 
pending on the size of the heart. A segment of the costal 
cartilage above and below the resected rib is removed. 


have advanced through the narrowed orifice 
into the chamber of the left ventricle. At this 
point, the biting surfaces are opened and di- 
rected anteriorly. Engagement of the free 
margin of the stenotic ring occurs as the in- 
strument is withdrawn back toward the aur- 
icular chamber. When the serrated biting sur- 
face has grasped securely the fibrous margin 
of the valve orifice, a segment is removed in 
the same manner as described previously. 
Upon removal of the valvulotome, the purse- 
string suture is tied. The tip of the auricular 
appendage which is distal to the pursestring 
suture is excised for biopsy study; the line of 
excision is then closed with interrupted 
sutures of silk. 

The pericardium, pleural cavity, and tho- 
racic operative wound are treated in the same 
manner as described for the transventricular 
method. 

Whole blood is given by transfusion through- 
out the procedure. 


Comparison of the methods. There are cer- 
tain advantages and disadvantages of the 
transventricular method as compared with the 
transauricular method. From a standpoint of 
surgical exposure, manipulation of the val- 
vulotome is a great deal easier when the first 
method is used. This is true because of the 
frankly posterior location of the left atrium of 
the heart. Unless there is a pronounced degree 
of cardiomegaly, the posterior position of the 
left atrium necessitates sharp angulation in 
directing the instrument through the append- 
age into the atrial chamber and thence down- 
ward through the mitral orifice. This diffi- 
culty might be corrected by the use of a 
posterior or long posterolateral incision 
with rib resection. This variation would in- 
crease the operating time considerably and 
might add somewhat to the surgical trauma of 
the procedure. Believing that hypoxia, pro- 
longed anesthesia, and surgical trauma should 
be minimized as much as possible, we have 
continued to use the anterior parasternal and 
submammary incision. The development of a 
curved valvulotome which could be accom- 
modated to the angulation between appendage 
and valve might simplify the technique; we 
have such an instrument in preparation. Ex- 
treme cardiac enlargement renders the trans- 
auricular method much easier, for the reason 
that the greatly dilated left atrium pushes the 
appendage anteriorly into the operative 
wound. However, as will be noted sub- 
sequently, marked cardiomegaly is regarded 
by us as one of the contraindications to 
operation. 

A distinct advantage of the first method 
over the second is in the control of hemor- 
rhage. The thick, tough myocardium of the 
left ventricle accommodates hemostatic su- 
tures readily, while the dilated thin-walled 
auricular appendage does not hold a purse- 
string suture securely in all instances. The 
danger of uncontrollable bleeding from tear- 
ing of the thin wall is real. This occurred in 
one of our patients (Case 7), and necessitate: 
discontinuing the procedure before an at- 
tempt had been made to excise a portion o! 
the valve. The nonsuture control of hemor- 
rhage with gelatin sponge in this case has 
been reported in detail (18). 
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Fig. 3. Showing the pericardium divided anteriorly and parallel to the phrenic 
nerve. Following infiltration of 1 per cent procaine into a relatively avascular area 
of the left ventricular myocardium, a pursestring suture of No. oo chromic catgut 
is placed, and an incision through the ventricular wall within the confines of the 
pursestring suture is made. Hemorrhage is controlled with digital pressure until 
the valvulotome is inserted into the wound. 


A disadvantage common to both methods 
is precise localization of the small mitral 
orifice with the valvulotome. The configura- 
tion of the valve is such as roughly to resemble 
a funnel, the apex of which is directed into 
the chamber of the left ventricle. Under 
such circumstances, the ventricular approach 
involves passing the distal portion of the in- 
strument through the small end of the fun- 
nel, so to speak. This is, at times, very diffi- 
cult but with increasing experience it is be- 
coming less and less so. On the other hand, 
access to the mitral orifice through a trans- 
auricular approach is seldom an easy mat- 
ter, despite the presence of the large open 


mouth of the valve funnel. This is true for 
2 reasons: (1) the anterior thoracic incision 
employed in our patients necessitates a sharp 
angulation of the instrument between the 
auricular appendage and the valve and, (2) 
the valvulotome in use at present has a 
straight shaft (Fig. 1). As aforementioned, 
certain modifications of both the operative 
incision and the shape of the instrument 
might render the transauricular method some- 
what easier. 

From a standpoint of arrhythmias occur- 
ring during operation, it is theoretically true 
that fewer disturbances would result when 
the transauricular method is used. There 
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Scarred anterior and posterior mitral 
leaflets\ resulting in orifice 


Stenotic 

mitral opifice 
viewed from 
above 


ff---vaivulotome being directed 
toward mitral orifice 


Fig. 4. Showing the valvulotome being advanced toward 
the mitral valve. The serrated cutting surfaces of instru- 
ment are held closed. 


have been no significant arrhythmias in any 
of our patients in whom the valve was ap- 
proached through the auricular appendage; 
one of these had irreversible auricular fibrilla- 
tion at the time of operation which did not 
change in character during or after the pro- 
cedure. In each of the 5 patients in whom 
an approach to the valve was made through 
the left ventricle, runs of ventricular extra- 
systoles developed and in 1 patient a short 
period of ventricular tachycardia developed. 
These disturbances occurred during manual 
displacement of the heart from the pericar- 
dial sac and were of transient duration only. 
During placement of the pursestring su- 
ture in the ventricular myocardium and 
during subsequent passage of the valvulo- 
tome through the cardiotomy wound, there 
were no serious arrhythmias in any of the 
5 patients. As noted previously, these steps 
in the procedure in experimental animals 
are accompanied by marked disturbances of 
rhythm unless the ventricular myocardium 
has been previously infiltrated by procaine. 
The protective effect of the administration of 
intramural procaine in our clinical cases seems 
to corroborate our earlier experimental obser- 
vations (14). . 
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In summary, we prefer the ventricular ap- 
proach to the transauricular method because 
of a greater margin of safety in the control 
of hemorrhage, better surgical exposure and 
satisfactory protection against arrhythmias 
by intramural procaine. At the present time, 
we expect to continue the use of the trans- 
ventricular method as a routine procedure, 
pending the development of a different 
thoracic incision and the alteration in the 
configuration of the valvulotome which is 
currently in use. 


CASE REPORTS 


CasE 1. (Roper Hospital No. 64640.) A 21 year 
old white woman entered the hospital January 18, 
1948. Her case history revealed that she had scarlet 
fever at the age of 10 years at which time she was 
told by her physician that she had a “damaged 
heart.” Subsequently, while in high school, she had 
an attack of dyspnea and began to limit her activi- 
ties. In 1945, she suffered an acute attack of rheu- 
matic fever. Within a few months, dyspnea and 
orthopnea developed which became progressively 
worse and were accompanied by dependent edema, 
ascites, and hepatomegaly for more than a year prior 
to admission. Digitalization had been carried out 
but several episodes of acute decompensation oc- 
curred subsequently, resulting in a state of chronic 
congestive heart failure which was treated by her 
family physician in the usual manner with the ad- 
ministration of digitalis, mercurial diuretics, and 
dietary restriction of sodium. 

On admission to Roper Hospital on a stretcher, 
after an airplane flight of several hundred miles, the 
patient presented classical signs of chronic conges- 
tive heart failure: orthopnea requiring 4 pillows, 
hepatomegaly, ascites, cervical venous distention, 
and mild edema of the feet and ankles. The heart 
was markedly enlarged and a pronounced disturb- 
ance of rhythm was present (apex rate go per min- 
ute). Auscultation revealed a rough systolic mur- 
mur with a questionable presystolic rumble over a 
small area near the apex. A diagnosis of rheumatic 
heart disease with probable mitral stenosis was 
made. 

Electrocardiogram on admission showed right 
axis deviation, auricular hypertrophy, delayed intra- 
ventricular conduction, and frequent nodal prema- 
ture beats. Venous pressure (antecubital vein) was 
305 millimeters of water, the circulation time (arm- 
to-tongue), determined by magnesium sulfate was 
24 seconds. Routine laboratory studies, including 
renal and hepatic function tests and sedimentation 
rates, were within limits of normal except for a per- 
sistent albuminuria. 

For several days after admission, therapy was 
directed at reduction of fluid retention and restora- 
tion of compensation. Meanwhile, auricular fibrilla- 
tion developed; this was treated by quinidine sulfate 
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Instrument lodg- 
against ant- 
\erior leaflet 


Fig. 5. Showing the valvulotome within the mitral valve. As the instrument 
is withdrawn, the cutting surfaces are opened and allowed to impinge on the anterior 
margin of the stenotic valve. Closure of the cutting surfaces causes excision of a 
portion of the valve which is held within the telescoping mechanism of the instrument. 


without reverting the arrhythmia. After 12 days in 
the hospital, during which time an abdominal para- 
centesis yielded 5,400 cubic centimeters of ascitic 
fluid, the patient was judged to be in as good condi- 
tion as possible with a maximum degree of compen- 
sation. 

An operation was performed January 30, 1948 and 
the transventricular method was used. A severe de- 
gree of mediastinopericarditis (accretio cordis) was 
present over the right and central portions of the peri- 
cardium, only partially accessible to surgical correc- 
tion through the approach selected. Constrictive 
pericarditis was not present. The heart itself showed 
great enlargement and a marked increase in its epi- 
cardial fat, especially along the anterior coronary 
vessels. The myocardium had a yellowish mottled 
appearance, suggesting rather extensive damage. 
The operative procedure was without incident and 
no change occurred in the character of the auricular 
fibrillation which was present before the operation. 
The segment of tissue removed by the valvulotome, 
measuring about 0.8 centimeter in length, was un- 
fortunately lost before reaching the pathological 
laboratory. 


Postoperative convalescence was uneventful. By 
the tenth postoperative day, venous pressure was 
145 millimeters of water and the neck veins were no 
longer distended. The circulation time was 14 sec- 
onds. Orthopnea disappeared entirely. The liver 
became impalpable and, for 10 days, there was no 
re-formation of ascitic fluid. However, both hepato- 
megaly and mild ascites reappeared prior to dis- 
charge of the patient due in part, it was believed, to 
right sided accretio cordis. Of interest was reversion 
of the fibrillation by the third postoperative day to 
normal sinus rhythm which persisted until the pa- 
tient left the hospital on the sixteenth postoperative 


_ day. The patient was ambulatory and boarded an 


airplane unassisted for her return journey. 

After a few months of comparative comfort, the 
patient’s congestive heart failure gradually again 
became increasingly severe and she finally died ap- 
proximately 10 months after operation. Examina- 
tion of the heart which had been fixed in formalin 
and forwarded to this institution (Fig. 7) showed the 
atria and ventricles to be dilated and hypertrophied. 
The mitral orifice measured 2.5 centimeters in 
diameter, its valve cusps were thickened and showed 
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-Enlarged 
mitral orifice 


Viewed from 
above 


Fig. 6. After withdrawal of the valvulotome the 
pursestring suture is tied. This closure is reinforced 
with interrupted sutures of silk. The segment of 
valve removed within the instrument (see insert) is 
kept for pathological study. 


increased opacity particularly around their mar- 
gins, and the anterior leaflet, in its mid-portion, 
showed a notch 3 millimeters in width and 2 milli- 
meters in depth. In the apex of the left ventricle, 
there was found an aneurysmal dilatation (Fig. 8) 
measuring 1.7 centimeters in diameter and the car- 
diac wall in this region was found to measure 3 
millimeters in thickness. 

CasE 2. (Roper Hospital No. 65632.) A 25 year 
old white woman entered the hospital after a rail- 
road journey of about 1,000 miles. The trip proved 
exhausting and she arrived in poor condition. 

The patient gave a typical history of rheumatic 
fever in childhood. Subsequently, she became re- 
stricted in her physical activities. Three years prior 
to admission, a respiratory infection was followed 
by marked dyspnea, orthopnea, and dependent 
edema, all of which had persisted in varying degree 
despite treatment administered by her family phy- 
sician. 

Physical examination, on arrival, revealed evi- 
dence of severe congestive heart failure: pitting 
edema of lower extremities and over sacrum, cervical 
venous distention, marked hepatomegaly, pulmon- 
ary rales and evidence of basilar pleural effusion, 
moderate ascites, and marked enlargement of the 
heart. Auscultation of the latter revealed rapid 
auricular fibrillation and a rumbling diastolic mur- 
mur at the apex. 

Circulation time (arm-to-tongue) was 50 seconds, 
venous pressure 170 millimeters of water. Roent- 
genogram of the chest revealed marked diffuse en- 
largement of the heart, particularly of the left aur- 
icle. The lung fields showed basilar congestion and 
pleural effusion in right base. Electrocardiogram 
was consistent with the clinical impression of aur- 


icular fibrillation; right axis deviation was also 
present. 

The patient responded well to therapy and within 
5 days after admission she was quite comfortable, 
being free of dyspnea, edema, and laboring heart 
action. The circulation time and venous pressure 
fell to 30 seconds and 145 millimeters of water, 
respectively. 

Operation was performed March 1, 1948 and the 
transauricular approach was used. The entire heart, 
and the left auricle in particular, were found to be of 
such size as to cause abrupt herniation, so to speak, 
of the appendage out of the thoracic wound upon 
opening the pericardium. The valvulotome became 
engaged easily upon what was thought to be the free 
margin of the mitral orifice and a segment of tissue 
measuring 0.6 centimeter was removed. The opera- 
tion was completed without incident, there being no 
change in the character of the auricular fibrillation 
present beforehand and no evidence of ventricular 
arrhythmias during the procedure. 

Immediately postoperatively, the patient’s gen- 
eral condition appeared excellent and continued so 
for 4 hours. At this time, she developed a rapid 
pulse rate and became moderately cyanotic and 
dyspneic. An electrocardiogram revealed auricular 
fibrillation with a ventricular rate of 110 per minute. 
Despite the usual supportive measures, her condition 
deteriorated rapidly and she died to hours after 
operation. 

At autopsy, the heart was found to be greatly 
dilated and showed a dull epicardial surface con- 
taining numerovs areas of brownish-red discolora- 
tion and grayish-white fibrosis. Inspection of the 
interior of the enormous left atrial chamber revealed 
a furrowed tract in the endocardium and underlying 
myocardium which had been produced by the valvu- 
lotome. The inferior end of the furrow was in im- 
mediate contact with the thickened mitral ring but 
the latter had not been divided. The valve itself 
was thickened and narrowed, showing small de- 
posits of calcium about the stenotic margin. The 
other valves showed no appreciable degree of dis- 
tortion. 

Other findings of significance were those of chronic 
passive congestion of the viscera. 

The cause of death was thought to be acute cardi- 
ac insufficiency and lack of myocardial reserve due 
to severe myocardial damage (Fig. 9). 

CAsE 3. (Roper Hospital No. 65697.) A 30 year 
old white housewife was admitted to the hospital, 
February 28, 1948, after an airplane flight of several 
hundred miles. The trip produced no untoward 
effect. At the age of 16 years, she had scarlet fever 
without apparent complications. At 19 years, she 
began to experience dyspnea on exertion. Dyspnea 
became progressively worse, necessitated relinquish- 
ing of her job, and was eventually accompanied by 
orthopnea. About 4 years prior to admission, a per- 
sistent cough developed and was productive of 
gross blood on numerous occasions. Restriction of 
activities had become a serious matter with the pa- 


‘ 
Punched 
| 
il 
t 
t 
F 
t 
e 
e 
g 
0 
d 
0 
Nn 
: 
Ss 
0 
le 
t! 
rl 


Fig. 7. Transverse cross-section through the atria show- 
ing an incompetent mitral valve with a notched defect in 
the anterior cusp (Case 1). 7, Tricuspid valve. M, Mitral 
valve. 


tient and she suffered several bouts of acute decom- 
pensation. 

Physical examination on arrival revealed the 
typical murmur of mitral stenosis without evidence 
of decompensation. The heart was only slightly 
enlarged and there was no visceral or peripheral 
engorgement or congestion. The cardiac rhythm 
was regular. Other physical findings were not re- 
markable. 

Routine laboratory studies were normal. Roent- 
genogram of the chest with barium swallow showed 
only moderate cardiomegaly, but definite increase 
in size of the left auricle. The electrocardiogram in- 
dicated probable auricular hypertrophy but was 
otherwise normal. The venous pressure was 75 
millimeters of water. 

A diagnosis of rheumatic heart disease with mitral 
stenosis was made. In view of the slight degree of 
cardiac enlargement, apparently good cardiac re- 
serve and the absence of failure, it was felt that this 
was an ideal candidate for mitral valvulectomy. 

Operation was performed March 8, 1948. Because 
of the relatively small size of the heart and the posteri- 
or location of the left auricle, an attempt to manipu- 
late the valvulotome into the mitral orifice through 
the auricle was unsuccessful, the shaft repeatedly 
’ impinging upon the upper confines of the thoracic 
incision. There had occurred no change in cardiac 
rhythm and the patient’s condition was judged to be 
satisfactory. On this account, a second attempt was 


Fig. 8. Shows an aneurysmal dilatation in the apex of 
the left ventricle at the point where cardiotomy -had been 
performed approximately 10 months previously. 


made to reach the valve by a transventricular ap- 
proach. The valve was located with ease, but much 
difficulty was encountered in entering the orifice. 
After removal of a specimen which appeared to con- 
sist of chorda tendineae and muscle tissue, the pro- 
cedure was terminated. 

For 36 hours after operation, the patient’s condi- 
tion was excellent. There was regular cardiac rhy- 
thm and sustained normal blood pressure. At the 
end of this time, however, patient developed 
fever, rapid pulse, hyperpnea, drowsiness, and slight 
cyanosis, despite the use of an oxygen tent. 
Physical examination revealed no evidence of heart 
failure, but there appeared signs of pulmonary con- 
solidation in the right lung field. Cyanosis and 
hyperpnea increased and death occurred 48 hours 
after operation. 

Autopsy revealed extensive bilateral atelectasis 
with a superimposed acute lobular pneumonia of 
nonspecific tvpe throughout the atelectatic areas of 
the lungs. This was construed as the cause of death. 
Examination of the heart revealed the presence of an 
extremely narrowed mitral valve orifice, measuring 
I centimeter in diameter, which had not been affec- 
ted by the valvulotome. The latter had created a 
longitudinal defect in the trabeculae carneae im- 
mediately adjacent to the anterior mitral cusp. The 
other cardiac valves were normal.’ There was no 
evidence of rheumatic activity in the myocardium 
and microscopically, the latter showed little varia- 
tion from normal (Fig. 12). 

CasE 4. (Roper Hospital No. 67739.) A 39 year 
old white laboratory technician entered the hospital 
April 17, 1948. She had had chorea at the age of 9 
years, following scarlet fever associated with joint 
pains. During her years in high school, she suffered 
from frequent episodes of bronchitis. At the age of 
25 years, she suffered a severe episode of hemoptysis. 
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Fig. 9. Showing the hypertrophic myocardium with 
marked degenerative changes (as indicated by vacuoliza- 
tion) in Case 2. X60. 


Subsequently, repeated bouts of hemoptysis oc- 
curred, along with numerous attacks of acute con- 
gestive heart failure. At the time of admission, the 
patient complained chiefly of a chronic exhausting 
cough, severe palpitation, constant fatigue, severe 
dyspnea on exertion, and paroxysmal nocturnal or- 
thopnea. Her activities were greatly restricted and 
she had been virtually confined to one floor of her 
home for 2 years prior to entering the hospital. 

Physical examination on admission revealed signs 
typical of mitral stenosis. The heart was not en- 
larged and there was no evidence of congestive fail- 
ure. 

Routine laboratory studies were normal, including 
the sedimentation rate. Venous pressure and circu- 
lation time were within normal limits. Electrocardi- 
ogram revealed probable auricular hypertrophy but 
was otherwise normal. Roentgenograms of the 
thorax with barium swallow showed the heart to be 
within normal limits of size except for the left aur- 
icle which was moderately enlarged, displacing the 
esophagus posteriorly. 

A diagnosis of rheumatic heart disease with mitral 
stenosis was made and, because of the apparently 
excellent degree of myocardial reserve, partial mi- 
tral valvulectomy was recommended. 

Operation was performed April 20, 1948, the trans- 
auricular method being used. The procedure was 
complicated by a traumatic perforation of the wall 


Fig. 10. Demonstrating the marked hepatic fibrosis re- 
sulting from long standing chronic passive congestion in 
Case 2. X60. 


of the left auricle in its posterior aspect, an area com- 
pletely inaccessible to suture. The defect was closed 
satisfactorily with an absorbable gelatin pack; the 
technical details of which have been reported else- 
where (18). 

Histologic study of the specimen removed re- 
vealed a thickened and heavily scarred segment of 
mitral valve showing no evidence of inflammatory 
reaction. The distal portion of the auricular ap- 
pendage (which was excised for biopsy study) and a 
small piece of muscle tissue attached to the valve 
segment both showed an active inflammatory pro- 
cess with the formation of Aschoff bodies (Fig. 12). 

After a stormy beginning, as a result of severe 
shock that developed abruptly on removal of the pa- 
tient to her room, the postoperative convalescence 
was satisfactory. The patient was kept in the hospi- 
tal 17 days after operation. During this time there 
occurred complete disappearance of the exhausting 
cough present before operation, as well as the severe 
palpitation (which previously had been of such de- 
gree as to awaken both the patient and her husban¢ 
at night). There was observed also before discharg« 
from the hospital, complete relief from the constan! 
fatigue orthopnea, and exertional dyspnea. 

Examination of the patient on a return visit 36 
days after operation revealed a slow, regular, quiet 
heart action. She had continued to be free of all 
disturbing preoperative symptoms and was increas- 
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Fig. 11. The mitral valve in Case 3 showing old colla- 
genous scarring without evidence of active inflammation. 
X15. 


ing her activities to include shopping, attending the 
theater, etc. She moved to her home in a northern 
city shortly thereafter. Correspondence since her 
return home states that she has continued to be free 
of all preoperative complaints and has been at work 
both as a laboratory technician and office clerical 
helper on a half-day schedule for several months. A 
report from her physician, received 5 months after 
operation, states that her improvement continues 
and that her course has been uneventful except for 
one episode of acute dyspnea, cyanosis, weakness, 
and sweating which lasted for less than an hour. 
Other than the latter transitory disturbance, which 
may have been due to a pulmonary embolus, there 
have been no untoward incidents in the postopera- 
tive course and the patient continues to lead a life 
of greatly expanded activity. (The patient was ex- 
amined by one of us, J.A.B., approximately 1 year 
after operation. Her condition was excellent and 
she was most enthusiastic over her improvement.) 
CasE 5. (Roper Hospital No. 67966.) A 31 year 
old white woman entered the hospital April 28, 1948. 
She gave a history of painful, reddened and swollen 
knees at the age of 10 years. She suffered no difficul- 
ties until 17 years of age, when she had general ma- 
laise for a period of about 2 months and was told she 
had rheumatic fever. She was relatively asympto- 
matic until 2 years before admission when she first 
noted moderate exertional dyspnea which persisted 
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Fig. 12. The myocardium in Case 3 which shows no 
evidence of degeneration, inflammation, or appreciable hy- 
pertrophy. X60. 


until time of admission. There was no orthopnea, 
edema, ascites, etc. She had never taken digitalis. 

Physical examination revealed no evidence of con- 
gestive heart failure. There was moderate enlarge- 
ment of the heart, and auscultation revealed signs of 
mitral stenosis with little insufficiency. Circulation 
time (arm-to-tongue) was 20 seconds; venous pres- 
sure 68 millimeters of water. Roentgenogram of the 
chest confirmed the clinical impression of cardiome- 
galy with prominence of the pulmonary artery seg- 
ment and left auricle. The hilar shadows of the lung 
field were increased. Electrocardiogram showed 
right axis deviation, auricular hypertrophy, and 
slight auriculoventricular conduction delay. Rou- 
tine laboratory studies were normal. 

The patient was digitalized in preparation for 
cardiotomy, which was performed on May 3, 1948, 
through the transventricular approach. The peri- 
cardium was normal in appearance and contained 
about 75 cubic centimeters of clear fluid. The heart 
itself showed moderate enlargement confined prin- 
cipally to the right ventricle and the left auricle. 
The latter was tense to palpation and markedly dis- 
tended as was the pulmonary artery. With con- 
siderable difficulty, several attempts were made to 
locate the mitral vaive. When it was thought the 
instrument was within the mitral orifice, a segment 
of tissue was removed. The specimen removed did 
not appear to be valve tissue. 
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Upon withdrawal of the instrument and repair of 
the ventricular wound, there occurred a very pro- 
nounced and extreme dilatation of both the left aur- 
icle and pulmonary artery. At the same time, the 
heart rate slowed to 50 beats per minute but the 
bradycardia was not associated with any evidence 
of arrhythmia. 

Immediately postoperatively, the bradycardia 
continued for 2 hours and an electrocardiogram 
showed bigeminal rhythm. The rhythm returned to 
normal and remained so until 5 days after operation, 
when auricular fibrillation began and persisted but 
without signs of congestive failure, for 8 days despite 
supportive measures. Otherwise, the course was un- 
eventful and she was discharged 15 days postopera- 
tively in good condition. The specimen removed by 
way of the valvulotome proved by pathological ex- 
amination to be hypertrophic myocardium and re- 
lated thickened endocardium. ; 

In a communication with the patient’s physician 
6 months after operation, it was said that even 
though the patient had felt better than preopera- 
tively, auricular fibrillation had persisted since her 
discharge from the hospital. 

CasE 6. (Roper Hospital No. 68785.) A 33 year 
old white female was admitted to the hospital May 
28, 1948 with a typical history of rheumatic fever 
beginning at the age of 14 years. In 1947 she de- 
veloped a paroxysmal cough which disappeared after 
digitalization. After this time, she remained in bed 
despite the fact that her case history revealed a little 
dyspnea and no edema or orthopnea. The heart, on 
physical examination, was found to be moderately 
enlarged, the rhythm was rapid and regular and 
there was auscultatory evidence of mitral stenosis 
with insufficiency. Roentgenogram of the chest with 
barium swallow showed prominence of the left aur- 
icular segment. The lung fields were clear. An elec- 
trocardiogram made 1 day after admission showed 
first degree auriculoventricular block, auricular hy- 
pertrophy, and coupling due to auricular extrasys- 
toles; however, 2 days later, there was a brief attack 
of auricular tachycardia. The venous pressure was 
70 millimeters of water and the circulation time 
(arm-to-tongue) was 24 seconds. Routine labora- 
tory studies were normal. 

On June 4, 1948 a cardiotomy was performed. 
The only abnormality noted upon opening the peri- 
cardium was the diffusely enlarged heart and in- 
creased tension of the left auricle. When the valvu- 
lotome was inserted into the ventricle, numerous 
ventricular extrasystoles appeared and were con- 
trolled somewhat by the topical application of 2 per 
cent procaine. The valvulotome was manipulated 
within the cavity of the left auricle through the mi- 
tral valve. Its blade was opened and made to im- 
pinge upon the free margin of the valvular orifice. 
As the blade was closed, the instrument slipped from 
its purchase and did not remove a portion of the 
valve. Due to the multiple cardiac irregularities 
during the course of the procedure, no further at- 
tempts were made to divide the valve. When the 


patient was returned to her room she was in a satis- 
factory condition. 

Two hours after operation, an electrocardiogram 
showed impure auricular flutter with many idioven- 
tricular beats arising near the auriculoventricular 
node. This type of arrhythmia continued intermit- 
tently for 6 days. The tendency to auricular flutter 
continued but was finally satisfactorily controlled 
with quinidine sulfate in a small daily dosage. 

She was discharged from the hospital 25 days after 
admission, her physical status being just about the 
same as when she entered the hospital. Communica- 
tions from the patient and her physician about 5 
months after operation revealed that she had had one 
episode of decompensation following an acute gas- 
trointestinal infection. Since that time she had been 
able to be about her apartment and to go for oc- 
casional rides, although her activities generally were 
limited. 

CasE 7. (Roper Hospital No. 68326.) A 36 year 
old white woman was admitted to the hospital May 
13, 1948. She gave a history of rheumatic fever at 
the age of 8 years but experienced no serious effects 
until 1942 when she developed dyspnea on exertion 
and frequent palpitation. These symptoms slowly 
progressed as did orthopnea, dependent edema, and 
mild hemoptysis. Examination revealed typical mi- 
tral stenosis with moderate congestive heart failure. 
Venous pressure readings varied between go and 95 
millimeters of water in the median vein of the fore- 
arm and the circulation time (arm-to-tongue) was 
16 seconds. Routine laboratory studies were normal 
and the vital capacity was 1,800 cubic centimeters. 
Roentgenograms of the chest after oral barium 
showed a prominent left auricle, borderline cardio- 
megaly and hypertrophic arthritis of the thoracic 
vertebrae. No abnormalities except occasional auric- 
ular extrasystoles were seen in the electrocardio- 
gram. 

The congestive heart failure diminished with bed 
rest and increased digitalis dosage. The patient 
complained of pain over the precordium, which was 
believed to be caused by arthritis of the upper thora- 
cic vertebrae. Complete relief was afforded by inter- 
costal nerve block with eucupine-in-oil. On May 26, 
1948 a cardiotomy was attempted through the aur- 
icular appendage which was found to be extremely 
thin and friable. The pursestring immediately 
tore through and severe hemorrhage resulted. Sev- 
eral attempts at controlling the bleeding by suture 
proved fruitless, the hemorrhage simply increasing 
with each successive attempt at closure of the defect. 
The entire appendage was enveloped in an absorb- 
able gelatin sponge which was made secure by sutur- 
ing the cut surfaces of the pericardium overlying the 
auricle. Thus, hemorrhage was effectively con- 
trolled. However, it was felt that the patient’s gen- 
eral condition was such as to contraindicate further 
attempts at entering the heart. There were no seri- 
ous arrhythmias during the procedure. 

Upon the patient’s return to her room, her blood 
pressure was well above shock level and remained so 
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throughout the postoperative course. Recovery was 
essentially uneventful. 

Nineteen days after the first operation, the ori- 
ginal incision was reopened. There were many fri- 
able adhesions binding the left lung to the parietal 
pleura and to the pericardium. The left auricular 
appendage was enveloped by adhesions to the peri- 
cardium and the upper lobe of the lung at the site 
where the gelatin sponge had been placed previously. 
The pericardium itself was adherent to the epicardial 
surface of the heart by delicate adhesions. As noted 
at the first operation, the pulmonary conus was di- 
lated and tense to palpation. Through the trans- 
ventricular approach, a segment of tissue measuring 
1 centimeter in length was excised from the thickened 
valvular margin. A marked decrease in the tension 
of the pulmonary conus was observed. 

Postoperatively, the patient’s condition was good. 
An electrocardiogram that was taken the day after 
the operation showed depressed diphasic T waves 
suggesting digitalis effect. On the eighth postopera- 
tive day, the tracings revealed normal sinus rhythm. 
‘The shape of ST-z and 2 resembled somewhat an 
anterior myocardial infarct, a finding noted in our 
earlier experimental studies (16). Stethogram 
showed a presystolic murmur and no stethographic 
evidence of systolic murmur. Venous pressure read- 
ing in the cubital vein was go millimeters 1 day after 
operation. This was repeated on the eighth post- 
operative day and found to be 80 millimeters. 

The prominent preoperative symptoms of cough 
with occasional hemoptysis, dyspnea on exertion, 
orthopnea, severe palpitation, and edema of the 
ankles did not reappear. Mercurial diuretics were 
no longer necessary. The patient was discharged 
June 26, 1948 (12 days postoperatively) in good 
condition. 

The pathological diagnosis of the specimen re- 
moved by the valvulotome was “heart valve, portion 
of, with valvulitis, chronic.” 

This patient returned to Roper Hospital on Sep- 
tember 8, 1948 for definitive treatment of intercostal 
neuritis which was present prior to the thoracotomy 
performed on the previous admission. None of the 
preoperative symptoms described elsewhere had 
recurred and she was able to endure moderate exer- 
tion with much less dyspnea. Although still taking 
digitalis, she no longer required diuretics. Venous 
pressure readings and circulation time (arm-to- 
tongue) were within normal limits. It was the radiol- 
ogist’s opinion that there was decrease in the size of 
the heart particularly in the convexity of the left 
upper cardiac margin and diminution of the pul- 
monary vascular congestion. Auscultation of the 
heart on this occasion showed regular rhythm with 
occasional premature beats. At the apex was heard 
a loud, low-pitched diminuendo murmur seeming to 
end just before the accentuated first sound. After a 
short but appreciable interval following the first 
sound, a blowing systolic murmur of moderate in- 
tensity was heard. This systolic murmur had not 
been present before operation. 
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Fig. 13. Section of auricular wall showing active in- 
flammatory cellular reaction with Aschoff nodules in Case 
4. X60. 


DISCUSSION 


Evaluation of this small group of patients 
from a standpoint of operative mortality and 
early results requires individual considera- 
tion of several important factors, which are: 
selection of patients for operation, preopera- 
tive and postoperative care, and certain 
technical aspects of the operative procedure. 


MORTALITY AND RESULTS 


In this series of cases 7 patients were sub- 
jected to 8 operations (Case 7 patient was op- 
erated upon twice) with 2 deaths, a mortality 
of 28.6 per cent. The first fatality (Case 2) 
was due to acute myocardial insufficiency, as 
discussed below, and may be considered faulty 
judgment in preoperative selection. The sec- 
ond death occurred as a result of postopera- 
tive atelectasis and overwhelming pneumo- 
nitis in a patient having good myocardial re- 
serve. Prolonged anesthesia and operating time 
may have been contributory factors in this case, 
inasmuch as the mitral valve was approached 
through both the ventricle and auricle. 
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Of the 5 surviving patients, the youngest 
at the time of operation was 21 years, the 
oldest 39 years old. Follow-up data have 
been obtained by correspondence with the 
patients and their physicians, since only 1 
has returned for study. The first case has 
been followed 10 months, the last case for 6 
months. Of the group, none has been made 
worse, 4 have been improved, while 1 patient 
(Case 5) has shown little change. The im- 
provement in Case 1 was dramatic at the 
onset, in that the venous pressure and cir- 
culation time were restored from abnormally 
high levels to within normal limits, evidence 
of visceral congestion and ascites disappeared 
and the scope of activities was much ex- 
panded. However, after returning home, the 
patient again developed fluid retention but 
remained free of orthopnea and dyspnea for 
several months. She died because of con- 
gestive heart failure approximately 1o months 
after operation and examination of the fixed 
heart showed the mitral valve to be slightly 
stenotic and moderately insufficient due to 
fibrosis of the leaflets. It appeared impos- 
sible for the operative defect (measuring 
3 by 2 millimeters in size) in the anterior 
cusp of the mitral valve (Fig. 7) to cause the 
amount of insufficiency seen at the time of 
death. It is our opinion that mitral insuffi- 
ciency was present before operation and that 
the dramatic improvement after operation 
was due to the release of pericardial adhe- 
sions. The degree of mitral and tricuspid 
insufficiency (Fig. 7) seen at the autopsy 
examination was more marked than was sus- 
pected preoperatively, and had this been 
known before operation, the patient would 
not have been selected as a candidate for 
partial valvulectomy. 

The aneurysmal defect in the left ventricle 
(Fig. 8) at the previous operative site pre- 
sented a problem which we had not con- 
fronted in experimental animals, although 
during earlier work on dogs (16) the forma- 
tion of aortic aneurysms had been a major 
factor in the abandonment of a transaortic 
approach to the aortic valve. 

The results obtained in Case 4 have been 
excellent. The complete disappearance of 
nocturnal orthopnea, exertional dyspnea, a 


constant distressing cough and hemoptysis 
has restored this patient to a useful existence. 
She is now 8 months postoperative and has 
returned to a gainful occupation on a part 
time schedule. It is of interest that the rapid 
recovery and satisfactory subsequent course 
occurred in the presence of active rheumatic 
carditis (Fig. 13). 

In Cases 5 and 6 patients appeared to 
suffer from partial mitral valve obstruction 
and presented few signs of decompensation. 
The valve leaflet per se in neither case was 
removed because of technical difficulties; 
however, in Case 6, the patient was able to 
exert with much less dyspnea than was pos- 
sible preoperatively. There was no improve- 
ment in Case 5. 

Case 7 returned for treatment of an un- 
related ailment 14 weeks after partial val- 
vulectomy. Symptomatically, the outstand- 
ing feature of this patient was complete 
disappearance of the constant, exhausting 
cough which was present before operation. 
It was the roentgenologist’s opinion that a 
definite decrease in size of the heart had 
occurred. The patient stated she no longer 
had exertional dyspnea, severe palpitation, 
or edema of her ankles; she had taken no 
mercurials since operation, whereas, this form 
of medication had been necessary previously 
at regular intervals to control cough and 
fluid retention. The vital capacity was 2,250 
cubic centimeters, more than double its pre- 
vious level. Venous pressure was 80 milli- 
meters of water, circulation time (arm-to- 
tongue) 12 seconds. The patient had in- 
creased her activities without discomfort and 
regarded herself as greatly improved. 


ARRHYTHMIAS 
During manual displacement of the heart 


into the thoracic wound so as to expose its 


apex for the transventricular approach, nu- 
merous ectopic beats, principally ventricular 
extrasystoles occurred. These disturbances 
of rhythm incident to torsion of the heart 
have been altered but little by the previously 
applied topical procaine. While the heart is 
held in position by the operator’s hand, a 
short rest period has resulted in restoration 
of normal rhythm in all instances except in 
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the 2 patients (Cases 1 and 2) having auricu- 
lar fibrillation in which there was no change 
in the character of fibrillation during opera- 
tion. After intramural procaine, arrhythmias 
did not occur during entry of the valvulotome 
through the ventricular wall in the 5 patients 
subjected to the transventricular approach; 
however, intracardiac instrumentation inci- 
dent to locating the stenotic valvular orifice 
has been accompanied by both ventricular 
extrasystoles and ventricular tachycardia in 
3 of the 5 patients. These disorders disap- 
peared promptly upon removal of the instru- 
ment. 

As mentioned previously, the ventricular 
approach alone was used in 4 cases, the auric- 
ular route alone in 3 cases, while both meth- 
ods were employed in 1 patient at a single 
operation. 

Of the 4 patients in whom the heart was 
entered through the auricular appendage, 
auricular fibrillation was present at the time 
of operation in one. There was no change 
in the character of the rhythm during opera- 
tion. In the 3 remaining cases there were no 
significant arrhythmias present either during 
the entry of the valvulotome through the 
auricular wall or during intracardiac in- 
strumentation. 

In both methods there was momentary 
regional fibrillation due to the stimulating 
needle during intramural injection of pro- 
caine. These disappeared immediately after 
procaine infiltration was completed. 

Oral quinidine sulfate given preoperatively 
in combination with topical procaine and in- 
tramural procaine at the time of operation 
were used as a means of protection against 
serious arrhythmias during the operative pro- 
cedure. 

A 27 year old white male who was operated 
upon by one of us (H. G. S.) elsewhere is not 
included in the present series because of sud- 
den death prior to opening the chest cavity. 
The death was attributed to sudden onset 
of ventricular fibrillation after induction of 
anesthesia with cyclopropane. He had aortic 
stenosis and no other valvular lesions. Patho- 
logical sections of the heart muscle showed 
heavy cellular infiltration around the coro- 
nary vessels and their branches. This process 
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was considered smoldering rheumatic infec- 
tion. It would seem that the use of cyclo- 
propane in the presence of rheumatic carditis 
is not advisable because it is well known that 
cyclopropane sensitizes a diseased heart to 
adrenalin so that serious disturbances of 
ventricular rhythm may result. In this case, 
as well as in 2 previously discussed cases, 
active rheumatic carditis was demonstrated 
on pathological specimens, despite the nega- 
tive clinical findings preoperatively. The 
significance lies in the fact that we have no 
accurate index whereby the activity of rheu- 
matic heart disease can be measured. 


MISSED VALVES 


Successful excision of a segment of the 
stenosed mitral leaflet was accomplished in 
3 of the 7 patients subjected to operation. 
These 3 patients showed definite clinical im- 
provement. The difficulties arising from sur- 
gical exposure have been discussed else- 
where. Suffice it to say, with the anterior 
parasternal approach and by means of the 
valvulotome in current use, it was easier for 
us to locate the mitral valve through the 
transventricular rather than the transauricu- 
lar route because mobility of the apex of the 
heart allowed greater latitude in the manipu- 
lation of the instrument. Localization of the 
small valvular orifice with the valvulotome 
is not an easy matter. Anatomically, the 
valve should be simpler to locate through the 
transauricular approach; however, this has 
not been true in the group of patients pre- 
sented. 

It is well known that the valvular ring may 
be narrowed to such proportions that the 
valvulotome cannot enter the orifice. Al- 
though our instrument was 1 centimeter in 
diameter, this problem was not encountered. 

Failure to remove valve segments in 2 pa- 
tients (Cases 2 and 6) was likely due to 
calcification of the valvular leaflets. One of 
these patients proved to have calcified valves 
at the postmortem examination. While there 
is no definite proof that such an obstacle was 
present in the other case, it was believed that 
the valvulotome blade was impinged on the 
free valvular margin but failed to maintain 
its purchase when the blade was closed. The 
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smooth surfaced valve, having calcium de- 
posits for its base, offers little encouragement 
for division or segmental excision because 
the blade simply slips away, maintaining its 
grasp on the endocardium only and leaving 
the denuded calcified base exposed. 

If for technical reasons, the operative pro- 
cedure must be abandoned, it is believed that 
efforts to remove a segment of the stenotic 
valve may be safely employed at a later date. 
As demonstrated in Case 7, severe hemor- 
rhage from the wound in the auricle pro- 
hibited further attempts to reach the valve, 
but when a ventricular approach was utilized 
19 days later, a portion of the mitral valve 
was excised without associated complica- 
tions and was followed by clinical improve-~ 
ment in the patient. 


SELECTION OF PATIENTS FOR OPERATION 


Two important factors must be considered 
in determining the operability of a patient 
having mitral stenosis: (1) the operative pro- 
cedure is a severe one and likely to be fatal 
in patients having grave heart disease, and 
(2) patients having advanced myocardial ex- 
haustion, i.e. low myocardial reserve, are 
probably in an irreversible state in which 
even relief of the causative valvular obstruc- 
tion is not likely to result in more than brief 
improvement at best. These observations 
are borne out in the earlier work of Cutler 
and Beck (5) whose selection of patients for 
operation having advanced myocardial dam- 
age undoubtedly contributed to their pro- 
hibitive mortality. Further support of this 
attitude is derived from our experience in 
Case 1 and Case 2. The former patient re- 
sponded most satisfactorily in the beginning 
but after a few weeks fluid retention reap- 
peared. The apparently temporary nature of 
the benefit derived from operation is due in 
large measure, it seems, to the presence of 
advanced cardiomegaly and myocardial dis- 
ease. Case 2 represents myocardial exhaus- 
tion (Fig. 9) and chronic visceral congestion 
(Fig. 10) incident to long standing heart 
failure. Death of this patient was due to 
acute myocardial insufficiency despite care- 
ful preoperative preparation. At the present 
time, we are routinely rejecting for operation 


all patients who have mitral stenosis which 
is accompanied by signs of chronic congestive 
heart failure such as manifested in the first 2 
cases. 

Considered as the ideal candidate for opera- 
tion is a patient in the younger range of years 
having a high grade of mitral stenosis, with- 
out evidence of more than minimal involve- 
ment of the other valves, and with severe 
disability from mechanical obstruction but 
little or no evidence of cardiomegaly, hep- 
atomegaly, venous distention, and chronic 
fluid retention. Disability in cases of this 
nature is characterized by a definite group of 
complaints common to each; chronic weak- 
ness and fatigue, dyspnea on mild exertion, 
orthopnea with acute nocturnal exacerba- 
tions, persistent, exhausting cough with or 
without hemoptysis, palpitation, and periodic 
bouts of acute pulmonary edema. In the 
absence of much cardiac enlargement, venous 
engorgement, hepatomegaly, and peripheral 
edema, we consider such patients to be suf- 
fering almost entirely from mechanical ob- 
struction to the flow of blood through the 
heart. It is apparent that these individuals 
must each have an excellent myocardium 
(Fig. 12) to withstand such a strain without 
marked cardiac enlargement. We believe 
that this type of patient should tolerate satis- 
factorily the severe operative procedure as 
well as gain maximum benefit from partial 
removal of the obstructing factor. It thus 
becomes apparent that the eligibility of can- 
didates for partial mitral valvulectomy is 
determined almost exclusively by the state 
of their myocardial reserve. 

Of course, removal of a segment of stenosed 
valve will produce insufficiency. However, 
the valvulotome is so constructed that the 
defect produced cannot measure at most 
more than 1 centimeter. Furthermore, no 
dilatation of the valvular ring is produced by 
the operation, so that the resulting degree of 
regurgitation is minimal and in no wise com- 
parable to valvular incompetency such as 
may occur in a syphilitic aortic valve. On 
the other hand, the creation of a valvular de- 
fect as described allows a greater flow of 
blood from auricle to ventricle and in large 
measure reduces the back pressure effect on 
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the pulmonary circuit (Figs. 9 and 10). In 
our experience, this has occurred at operation 
without grossly demonstrable interference 
with cardiac action or rhythm; both the pul- 
monary conus and the distended left auricle 
have become demonstrably smaller, softer, 
and less tense to palpation immediately fol- 
lowing removal of the valve segment in sev- 
eral instances. This is in refutation of the 
opinion expressed by some in the early part 
of this century when it was stated that a sud- 
den change from stenosis to insufficiency 
would not be tolerated well. The extent of 
the resulting insufficiency is the factor of 
greatest importance in this connection and, 
as has been noted previously, is of minor 
degree. 

Thus, we believe that patients whose hearts 
have not enlarged or failed under the burden 
of severe mitral stenosis should be but little 
embarrassed by a small degree of insufficiency. 
This view is supported by our experiences. 
The patients in Case 1 and Case 2 had ad- 
vanced myocardial disease and each re- 
sponded unsatisfactorily to operation. Case 
3 was regarded as an ideal candidate (Figs. 11 
and 12). Despite failure to excise a portion 
of the valve, she did well until she developed 
atelectasis and a penicillin-resistant pneumo- 
nitis. In the remaining cases, our criteria 
have been rigidly applied and good results in 
varying degree have been obtained. 


PREOPERATIVE CARE 


The essential elements in preoperative 
preparation of the patient were to get the 
heart in the best possible condition to carry 
the burden of a severe operation and the 
first postoperative days, and to protect the 
heart as far as possible against the severe 
ectopic rhythms which had been encountered 
in experimental animals (14). 

The first procedure was to digitalize the 
patient fully. All but 1 were taking “main- 
tenance” doses of digitalis on admission. 
The dosage was cautiously increased in each 
patient, usually by giving 0.3 milligram of 
digitoxin daily by mouth until either the pa- 
tient’s weight and fluid output became sta- 
tionary, or until early signs of toxicity ap- 
peared. The patient was then maintained on 


o.1 to-o.3 milligram of digitoxin as necessary 
to maintain a full “saturation.”” We were 
very much surprised, particularly in patients 
showing too far advanced disease to be ac- 
ceptable for operation, to see how far under- 
digitalized many of them were. Many were 
on strict low sodium diets, but all improved 
on increased digitalis dosage although we 
used no restriction in sodium. We gained a 
distinct impression that at least some of the 
current enthusiasm for low sodium diets in 
congestive heart failure may have had its 
origin in suboptimal use of digitalis. 

‘As shown in preliminary animal experi- 
ments (14) ectopic rhythms of frequently vio- 
lent degree accompanied the handling and 
instrumentation necessary during valvulot- 
omy. In anticipation of this, the day before 
operation patients were given a test dose of 
quinidine sulfate, 3 grains 3 times daily. 
Early on the morning of operation, quinidine 
sulfate 5 grains were given, along with the 
maintenance dose of digitalis. It was hoped 
that this might help to diminish general myo- 
cardial irritability. 


POSTOPERATIVE CARE 


Medicinal therapy consisted in continuing 
the maintenance dose of digitalis by intra- 
venous injection until the patient was able 
to take it by mouth. Quinidine sulfate, grains 
5 every 4 hours, was continued the first 3 
days, by rectum if necessary. It was then 
decreased to 3 grains 3 or 4 times daily till 
the end of the week, when it was discon- 
tinued. In Case 5, the appearance postopera- 
tively of auricular fibrillation with a rapid 
ventricular rate required a considerable in- 
crease in digitoxin dosage for control. 

Surgical therapy in general consisted in 
preventing and combating shock with whole 
blood transfusions, the use of penicillin to 
prevent pneumonia, the routine use of oxygen 
immediately after operation, and the evacua- 
tion of pleural fluid as indicated. 


SUMMARY 


A technique for partial valvulectomy of 
the heart is presented. Clinical observations 
of 7 patients subjected to 8 operations are 
presented and discussed. 
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STUDIES OF THE DEVELOPMENT AND NATURE OF 
THE HYPERTENSION IN EXPERIMENTAL 
COARCTATION OF THE AORTA 


WILL C. SEALY, M.D., WILLIAM DeMARIA, M.D., and JEROME HARRIS, M.D., 
Durham, North Carolina 


HE elevation of the blood pressure as 
well as the unusual distribution of this 
elevation produces the most striking 
physiological disturbance in coarcta- 
tion of the aorta. The hypertension is the 
cause of many of the symptoms in this anom- 
aly; and, to a great extent, the efficacy of the 
operative procedure for coarctation of the 
aorta is judged by the return of the blood 
pressure to normal. The various mechanisms 
involved in the pathogenesis of this type of 
hypertension are of importance in the under- 
standing of the physiologic alterations in 
coarctation of the aorta. Of still greater im- 
portance is the opportunity provided for the 
study of a type of arterial hypertension that 
can be relieved by a clearly defined operative 
maneuver. Clinical investigation offers a 
means of observing the regression of the hy- 
pertension after removal of the aortic steno- 
sis (1, 2, 11). In order to investigate the de- 
velopment of hypertension in this anomaly 
experimental coarctation of the aorta has been 
produced in dogs (8). These animals have 
been observed for over a year, and the results 
of these studies form the basis of this report. 
Coarctation of the aorta in man frequently 
causes an increase above the normal in the 
systolic and the diastolic phases of the blood 
pressure above the constriction; in contrast, 
there is marked decrease in the systolic pres- 
sure; but slight, if any, decrease in the dia- 
stolic phase below the normal, distal to the 
constriction. It was only with the use of intra- 
arterial determinations of the blood pressure 
that the correct distribution of the hyperten- 
sion was appreciated (10). In most instances 
From the Department of Surgery, Division of Thoracic Surg- 
ery and the Department of Pediatrics and Biochemistry, Duke 
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there is no demonstrable blood pressure by 
cuff measurement in the legs. 

The cause of the hypertension in coarctation 
of the aorta has been the subject of much 
speculation. The most obvious explanation is 
that of Bing and associates who have made 
extensive physiological studies on patients 
before and after the removal of the aortic con- 
striction. In their opinion the blood pressure 
variations can all be explained by resistance at 
the site of the coarctation and in the asso- 
ciated collateral channels. In observations on 
patients they were able to show what was 
interpreted as normal to increased resistance 
in the extremities, so this coupled with the 
high resistance in the aorta and the collateral 
vessels made it necessary to postulate that 
there was a third area of low resistance some 
other place in the body. They concluded that 
there was no resemblance between the hyper- 
tension of coarctation of the aorta and the 
renal or essential types. 

Steele, by intra-arterial records, was the 
first to note that diastolic hypertension was 
frequently present in the lower as well as the 
upper extremities. Brown and associates at 
the Mayo Clinic have confirmed Steele’s ob- 
servations. As the diastolic pressure was 
elevated in both the arm and the leg, it has 
been assumed by Steele that there was a 
generalized arterial constriction not unlike 
that seen in essential hypertension and renal 
hypertension. Goldblatt’s observation, that 
constriction of the aorta in dogs above the 
renal arteries leads to hypertension while con- 
striction below these vessels does not induce 
hypertension, has suggested the possibility of 
the renal origin of the hypertension in coarc- 
tation of the aorta. 

Studies of renal function in coarctation of 
the aorta have not revealed information either 
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Fig. 1. Artist drawing of the method of producing experi- 
mental coarctation of the aorta by the substitution of a 
lucite tube for a segment of the descending aorta. 


to substantiate or deny the possibility of the 
renal origin of the hypertension. Friedman 
and associates have shown that patients with 
coarctation had a decrease in the effective 
renal blood flow and an increase in the filtra- 
tion fraction. Studies (7) done in this labora- 
tory on patients before and after operation 


have revealed low normal effective renal 
blood flows with low normal filtration rates 
and normal filtration fractions in 3 of 4 pa- 
tients. Immediately after operation the renal 
blood flow has greatly increased, but in 3 
months the values were almost equal to the 
preoperative levels. One patient, only recent- 
ly observed, did show an increase in the 
filtration fraction. | 


EXPERIMENTS 


The problem of producing partial or com- 
plete obstruction of the thoracic aorta has 
been a difficult one as the thoracic aorta will 
not tolerate well external compression to the 
degree to produce severe stenosis. Hufnagel 
first showed that segments of the aorta could 
be replaced by sections of lucite tubing. It 
then occurred to us that if a lucite tube could 
be constructed with an hourglass shaped bore, 
the hazard of external compression as well as 
turbulence of the blood current from sudden 
obstruction of aorta could be avoided. As 
described in another communication (8), this 
procedure has been used successfully. Figure 
1 shows the method of securing this tube in 
place. The procedure has been carried out in 
16 dogs, 5 of which survived for longer than 1 
month, and 6 for less than 1 month (Tables 
Tand II). Two of the latter group were killed 
because of spastic paralysis of the lower one- 


TABLE I.—BLOOD PRESSURE CHANGES IN 6 DOGS THAT SURVIVED EXPERIMENTAL 
COARCTATION OF THE AORTA FOR LESS THAN 1 MONTH 


Normal blood pressure Last recorded blood pressure 
Dog Survival 
No. Femoral Carotid after Femoral Carotid 
. operation 
M S/D M s/D M Ss/D M s/D 
24 108 IIo weeks 148 184 
Eilled 
26 130 140 2 weeks 138 190 
ied 
27 150 146 3 weeks II 118/105 I 197/145 
i after sten|osis) 
28 144 152 8 days 66 66/66 120 137/107 
died (7 djays after sten|osis) ; 
30 128 161/108 150 178/133 10 days or 108/75 _ , 103 143/74 
ied (2 djays after sten|osis) 
33 113 135/99 113 126/100 8 days 99 105/93 _ 118 148/105 
died (3 djays after sten|osis) 


M, Mean pressure in mm. of mercury. 
S, Systolic pressure in mm. of mercury. 
D, Diastolic pressure in mm. of mercury. 
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Fig. 2. o—_ showing the mean blood pressure changes 
in the femoral and carotid arteries of dog 14 after experi- 
mental coarctation of the aorta. 


half of the body, while the other 4 died from 
rupture of the aorta. In no instance did 
thrombosis occur in the lucite tube. The aorta 
was completely occluded at intervals of from 
12 to 39 minutes with spastic paralysis occur- 
ring in only 2 of the 16 animals. Two of the 
animals are still living at 14 and 13 months, 
respectively, while 2 others are still living at 
3 and 4 months, respectively. By the method 
described the aorta was reduced in diameter 
from 75 to 85 per cent, with the tube measur- 
ing 3 millimeters at its narrowest point. 

- Observations on the changes in blood pres- 
sure before and after reduction in the size of 
the aorta have been made by intra-arterial 
punctures of the femoral and carotid arteries 
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Fig. 3. Graph showing the mean blood , pong changes 
in the femoral and carotid arteries in dog 22 following 
experimental coarctation of the aorta. 


and recorded with either a Hamilton manom- 
eter or mercury manometer. All determina- 
tions were carried out in animals under light 
pentobarbital anesthesia, 60 milligrams 2.25 
kilograms body weight. The systolic and 
diastolic pressures were calculated from re- 
cordings with the Hamilton manometer. 
Mean pressures were determined by either 
planimetric estimations of the areas under the 
pulse waves or read directly from the mercury 
manometer. 

Renal functional studies were done after the 
method of Smith, Goldring, and Chasis with 
inulin and para-amino hippurate. Preopera- 
tive estimations were carried out on all ani- 
mals. At each test from 3 to 5 successive de- 


TABLE II.—BLOOD PRESSURE CHANGES IN 5 DOGS THAT SURVIVED EXPERIMENTAL 
COARCTATION OF THE AORTA FOR LONGER THAN 1 MONTH 


Normal blood pressure Last recorded blood pressure 
Survival 
Femoral Carotid Femoral . Carotid 
months 
M S/D M s/D M M S/D 
14 118 124 14 133 144/123 158 185/130 
alive 
16 128 130 6 196 222 
died 
22 134 140 13 154 170/137 193 241/160 
alive 
29 127 165/108 126 149/110 4 176 199/167 238 292/198 
alive 
31 125 157/107 161 184/146 3 162 170/157 239 299/109 
alive 


M, Mean pressure in mm. of mercury. 
S, Systolic pressure in mm. of mercury. 
D, Dias tolic pressure in mm. of mercury. 
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Fig. 4. Graph showing the changes in the systolic and 
diastolic pressures in the femoral and carotid arteries in 
dog 29 following experimental coarctation of the aorta. 
(CS. carotid systolic; C.D. carotid diastolic; F.D. femoral 
diastolic.) 
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terminations were made. The results reported 
are the average of these 3 determinations. 
Nonprotein nitrogen estimations were done 
on 6 of the animals, but no significant ab- 
normalities were noted. 


RESULTS 


The blood pressure changes followed a very 
definite pattern. The mean pressure in the 
femoral artery was much below the normal 
72 hours and 6 days respectively after opera- 
tion, while the carotid pressure was within the 
range of normal at this time. At 16 days after 
operation the femoral mean pressure was 
about normal, while the carotid pressure was 
increased. After this interval of time both 
the carotid and femoral pressures were well 
above the normal, and in dogs 29 and 31 
they were in the high range of hypertension at 
3 and 4 months. This change is illustrated in 
Figures 2 and 3. Dogs 14 and 22 (Figs. 2 and 
3) have been observed for over 1 year and 
have shown a maintenance of the hyperten- 
sion, though after 8 months in dog 14 there 
has been a slight drop. The data on the 
animals surviving for short periods after oper- 
ation substantiate the above findings, al- 
though the observation time in most was not 
sufficiently long for hypertension to occur. 

The changes in the systolic, diastolic, and 
pulse pressures have been most interesting. 
As has been observed frequently in man, the 
diastolic pressures increase below as well as 
above the constriction. The increase in the 


Dog 31 


20 40 60 80 100 120 
Doys 
Fig. 5. Graph showing the changes in the systolic and 
diastolic ooedntits in the femoral and carotid arteries in 
dog 31 following experimental coarctation of the aorta. 
(C.S. carotid systolic; C.D. carotid diastolic; F.S. femoral 
systolic; F.D. femoral diastolic.) 


diastolic pressure below the constriction has 
not taken place until after 14 days and has 
paralleled the rise in the diastolic pressure in 
the carotids (Figs. 4 and 5). The systolic 
pressure in the femoral has not risen propor- 
tional to that in the carotid, though it has 
equalled or surpassed the normal. There have 
been tremendous increases in the pulse pres- 
sure in the carotid as shown by the very high 
systolic readings; while the pulse pressures 
have shown a decrease from the normal in the 
femoral arteries. 

The contours of the pulse waves in the 
femoral and carotid arteries have also changed 
as demonstrated in Figure 6. The femoral 
pulse waves show the typical sawtooth appear- 
ance observed in patients with coarctation of 
the aorta. 

The renal functional measurements have 
been done on 4 dogs, 2 surviving for 3 and 4 
months. The details of these studies will be 
reported later, but certain changes occurred 
resembling those of essential hypertension and 
not unlike Friedman’s observations of the 
renal dynamics in coarctation of the aorta 
in man. In 3 of the 4 animals there was an 
increase in the filtration fractions. One dog 
(31), even though severe hypertension devel- 
oped, has shown no change. Table III shows 
records of filtration rates, effective renal 
plasma flows, and filtration fractions on dog 
29. These results have been interpreted as 
showing evidence of efferent arteriolar con- 
striction in the kidney. 
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DISCUSSION 


In dogs it has been possible by narrowing 
the thoracic aorta to produce arterial hyper- 
tension which resembles the hypertension 
occurring in human coarctation of the aorta. 
After introduction of the narrowed segment 
of artificial aorta, there is a rise in the systolic, 
pulse, mean, and diastolic pressures above the 
constriction. In the femoral artery the pulse 
pressure, as in man, remains low while the 
diastolic pressure rises to hypertensive levels. 
The most significant observations are the pro- 
gressive character of the hypertension and the 
latent interval of 14 or more days between the 
stenosis of the aorta and the elevation of the 
pressure to hypertensive levels. 

The functional studies of the kidneys re- 
vealed changes, consistent with efferent arte- 
riolar constriction, not unlike those noted in 
an essential hypertension in man. Corcoran 
and Page (6) carried out similar studies on 
dogs with renal hypertension and did not note 
any changes in the renal clearances in many 
of the dogs. 

The cause of the hypertension from the 
studies described is not evident. Certain 
mechanical factors play an important role in 
the altering of the pulse waves. The presence 
of a rigid tube in the aorta might increase the 
systolic pressure. An obstruction to the flow 
of blood in the aorta would damp the pulse 
waves tending to decrease the pulse pressure 
and bring both systolic and diastolic pres- 
sures close to the mean pressure. In this exper- 
iment the factors mentioned must play some 
role, but the progressive character of the hy- 
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TABLE III.—RENAL FUNCTIONAL MEASUREMENTS IN DOGS WITH EXPERIMENTAL 
COARCTATION OF THE AORTA (DOG NO. 29) 


197 


45 
149 61 4: 200 
One mas 0137 
MI26 Mi27 138 Miss 3 


Femorol 


AA 


$223 181 $292 
3 & & 
“30 Doys after Constriction Doys ofter Constriction  124Doys after Constriction 


006 29 


Fig. 6. A photograph of the blood pressure tracings of 
the femoral and pie arteries recorded with the Hamilton 
manometer showing changes in the pulse contour charac- 
teristic of coarctation of the aorta. 


pertension above and below the constriction 
indicates that some other mechanism must be 
present to explain the hypertension. 

The most attractive explanation of the 
mechanism of the hypertension is a decrease 
of the blood flow to the kidneys. In none of 
our studies have we been able to show that the 
renal blood flow is markedly decreased when 
estimated by indirect measurements. The 
mean pressure in the renal artery is at first 
decreased below normal levels, but after 14 
days this is greatly increased over the normal; 
the pressures above and below the constriction 
continue to rise. There is, however, the find- 
ing of a consistent decrease in the pulse pres- 
sures in the femoral artery. Kohlstaedt and 
Page have pointed out the possible relation- 
ship of decreased pulse pressure to pathogen- 
esis of experimental renal hypertension. 


Filtration 
fraction 


Blood pressure 
mm. of mercury 


s/D 


165/108 149/110 


45/45 


161/116 


184/154 


236/162 


199/167 292/198 
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The hypertension in experimental coarcta- 
tion of the aorta is then in many ways similar 
to essential hypertension as judged by the 
renal functional studies and the progressive 
character of the hypertension with pro- 
nounced increases in the diastolic phase of 
the blood pressure. Estimations of total per- 
ipheral resistance are not available at present. 
If the evidence of efferent arteriolar constric- 
tion in the kidneys and diastolic hypertension 
above and below the constriction can be inter- 
preted as evidence of generalized vasocon- 
striction then one can assume that there is, as 
in renal hypertension and essential hyperten- 
sion, a generalized increase in vascular tone 
in experimental coarctation of the aorta. 


SUMMARY AND CONCLUSION 


1. Arterial hypertension has been produced 
in dogs by the substitution of a narrowed 
length of lucite tubing for a segment of aorta. 

2. The hypertension simulates that seen in 
coarctation of the aorta in man. 

3. The significant observation was that 
this type of experimental hypertension is pro- 
gressive, requiring about 14 days to reach 
hypertensive levels. 

4. There is a significant increase in the 


diastolic pressure and mean pressure below 


the constriction. These pressures progress 
from a very low level which is observed im- 
mediately after the constriction to hyper- 
tensive levels. 

5. Renal functional measurements have 
shown an increase in filtration fractions after 
aortic constriction in 3 of 4 dogs. 

6. The nature of hypertension in coarcta- 
tion of the aorta is not understood, but it is 
suggested that it is not unlike essential hyper- 
tension in man. 
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ROM July 1, 1932, through September 
30, 1948, 39,687 babies were delivered 
by the Chicago Maternity Center. Of 
this number, 73 were face presenta- 

tions, and of these 64 were “mature normal,” 

babies!'—6 were born of primiparas and 58 of 
multiparas; 6 were anencephalic monsters and 

3 were premature babies. 


INCIDENCE 


The overall incidence of face presentation 
was 1 to 544 deliveries, or 0.184 per cent. 
Omitting the anencephalic monsters and the 
premature babies the incidence of normal ma- 
ture babies presenting by the face was 1 to 620 
cases, or 0.161 per cent. 

Table I presents the relative incidence of 
face presentation as reported by several au- 
thors. It is noticeable that the figures based 
on the earlier studies show a markedly higher 
incidence. The explanation we offer for this is 
that earlier statistical reports were based on 
hospital figures. In years gone by this was a 
screening out process, as only the difficult or 
pathologic cases were hospitalized. Thus, 
these figures represented institutional inci- 
dence and were not a true overall picture. As 
the Chicago Maternity Center accepts all pa- 
tients without screening, the incidence of face 
presentation at this institution is probably a 
more accurate one. 


ETIOLOGY 


In examining causes in this series, two fac- 
tors stand out; multiparity and occiput pos- 
terior presentations. The occurrence of face 
presentation was 1 to 1,101 cases in primiparas 
and 1 to 517 cases in multiparas or it occurred 
twice as frequent in multiparas. 


From the service of the Chicago Maternity Center and the De- 
partment of Obstetrics and Gynecology, Northwestern Univer- 
sity Medical School, Chicago, Illinois. 

1By “mature normal” baby is meant any baby over 2,506 grams 
in weight who shows no unusual gross anomalies. 


A STUDY OF FACE PRESENTATION IN THE 
NORMAL MATURE FETUS 


BEATRICE E. TUCKER, M.D., F.A.C.S., MARK SOLOMKIN, M.D., Hartford, Connecticut, and 
BERNARD ABRAMS, M.D., Chicago, Illinois 
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TABLE I.—INCIDENCE OF FACE PRESENTA- 


TIONS 
Markoe (1909) ——— Hospital of New York.. 1 to 200 
I to 250 
Posner and Buch (1943) Harlem Hospital. . 1 to 529 
DeLee-Greenhill—oth ed..................... I to 200 
Williams-Stander—oth ed.................... I to 369 
Rudolph (1947) Philadelphia................. 1 to 576 
Chicago Maternity Center (uncorrected)....... 1 to 545 
Chicago Maternity Center (corrected)......... 1 to 611 


Our records indicate that the occiput pos- 
terior position may be considered a factor in 
face presentation. In 59 patients the atten- 
dant had time to make a diagnosis prior to 
delivery. In 16 of these, the original diagnosis 
was face presentation. In the 43 remaining 
the original diagnosis was occiput posterior in 
13, Or 30.7 per cent. It is quite possible that 
an erroneous diagnosis was made in some of 
these. However, on the service as a whole, the 
same or similar attendants made a diagnosis 
of occiput posterior presentation on initial ex- 
amination in only 7.8 per cent of our patients’. 
It seems likely therefore that a vertex pos- 
terior presentation frequently precedes, and 
may be an etiologic factor in, face presenta- 
tions. 

Cephalopelvic disproportion is commonly 
accepted as a cause for face presentation. Our 
findings do not support this point of view. We 
had no case in which there was disproportion. 

Some authors have arbitrarily assumed that 
there exists a relative cephalopelvic dispro- 
portion in any case where the baby weighs 
over 8'4 pounds. Of course, as in all such 
arbitrary assumptions there is room for error 
in thinking. In examining our data we found 
no unusual incidence of large babies presenting 
by the face. Table II indicates that the weight 
of babies with face presentation did not ma- 


*In a study of 7,803 cases at this clinic Joseph G. Crotty in 
1935 found that occiput posterior presentation occurred in 9.1 
per cent of all cases and in 11.5 per cent of all vertex presentations. 
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TABLE II.— WEIGHTS OF BABIES 


Normal vertex presentation 
Face presentation 


Normal presentation, 834 pounds and over... . 
Face presentation, 834 pounds and over 


terially differ from that seen in our clinic as a 
whole, when the same ratio of multiparas to 
primiparas was used. 

In our series we had no cases in which pelvic 
tumors, constrictions of the cervix about the 
baby’s neck, or placenta previa could be 
demonstrated. 

In considering the fetal causes for face pre- 
sentation, we have already discussed the occi- 
put posterior position. Other commonly listed 
- fetal causes are loops of cord around the neck, 
protrusions (tumors or cysts) of the anterior 
neck, primary dolicocephaly, and shortening 
of the posterior neck muscles. 

Loops of cord around the neck were found 
in 27.6 per cent of our face presentations. Up- 
on investigation, we also found that the inci- 
dence and number of loops of cord around the 
neck in this series is practically the same as 
found on the service as a whole (27.2 per cent). 

We had no cases of primary dolicocephaly. 
Secondary dolicocephaly, however, is usual. 
It is a result of the mechanism of labor in face 
presentation. Table III shows the increased 
occipitofrontal diameters and circumferences 
found in our series compared with the service 
incidence. 

It is of interest that in the normal cephalic 
mechanism in entering and traversing the pel- 
vic cavity, the head molds in such a manner 
that the presenting diameters are actually 
shortened and delivery at the outlet is facili- 
tated. In face presentation the molding and 
edema usually occurs at the inlet and in the 
upper pelvis. The secondary dolicocephaly 
whichis produced then hindersprogress through 
the lower pelvis as the degree of extension that 
is available to the head is limited by the in- 
creased diameters. Further, delivery of the 


TABLE III.—SECONDARY DOLICOCEPHALY 


Occipitofrontal Occipitofrontal 
iameter circumf 
cm. 
Vertex presentation 
Face presentation 


TABLE IV.—POSITION OF FETUS 


Mentodextra anterior.... 24 
Mentodextra transverse. 6 Back . right 
Mentodextra posterior... 8 3 


Mentolaevé anterior.... 16 


Mentolaevé transverse... 4 Back to left 


Mentolaevé posterior... 5 25 
1 Position of back not definite 
I 


Mentoanterior 


head at the outlet is made more difficult as 
flexion of the head at this point brings the 


longer diameters to the perineum, and to the. 


introitus. 

We had no cases of shortening of the neck 
muscles or protrusions of the anterior neck in 
our series. 

Our conclusions, therefore, are that the eti- 
ology of face presentation is obscure, and the 
reported etiological factors with the exception 
of multiparity and the occiput posterior posi- 
tion, cannot withstand close scrutiny. 

Table IV reveals the position of the fetus in 
our 64 patients. It shows that at the time the 
diagnosis was made, 41 were anterior, 10 
transverse, and 13 posterior. It may be of 
significance that in the standard textbooks the 
back is said to lie on the right most frequently 
in the occiput posterior position. 


LENGTH OF LABOR 


In considering the length of labor with face 
presentations, we again meet great confusion 
and contradiction. DeLee, Stander, Posner 
and Buch, and S. J. Rudolph are of the opin- 
ion that labor is lengthened in the presence of 
face presentation. Beck, on the other hand, 
believes that the ‘‘wedged-in-face” causes a 
shorter labor. At the Chicago Maternity Cen- 
ter we are in a particularly excellent vantage 
point to observe the length of labor since ours 
is a home service, and labor is interfered with 


minimally by the use of analgesics, anesthe- . 


sias, and operative intervention. In our series 
we found that the first stage of labor was 
slightly, but probably not significantly, short- 
ened and the second stage lengthened in the 
presence of face presentation. The closé simi- 
larity in length of the first stage of labor be- 
tween vertex and face presentation can be 
partially explained by the theory of the mech- 
anism of cervical dilatation due to brachysta- 
sis of the uterine musculature (3). The length- 
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TABLE V.—COMPARATIVE LENGTH OF LABOR 
—IN HOURS AND MINUTES 


Primipara stage Multipara stage 

1st | 2nd | Total] 1st | 2nd | Total 
Normal vertex 12.30 .45 | 13-15] 9.15 -25} 9.40 
Face presentation 12.10] 1.10] 13.20] 8.55 -50| 9.45 


ened second stage may be a result of the 
secondary dolicocephaly. 


TYPE OF DELIVERY AND FETAL MORTALITY 


Spontaneous delivery occurred in four-fifths 
of our patients as noted in Table VI. 

We have further analyzed the termination 
of labor by dividing our cases into groups 
based on the point of direction of the fetus, 
i.e. anterior, transverse, posterior. In the 41 
cases of mentoanterior, 40, or 97.6 per cent, 
delivered spontaneously. 

In the 1 operative case, the bag of waters 
had ruptured spontaneously 4 hours and 45 
minutes before delivery. There was fetal dis- 
tress during the second stage. A vaginal ex- 
amination revealed prolapse of the cord. Ver- 
sion and extraction were done under ether 
anesthesia and an asphyxiated baby was de- 
livered. This baby was hospitalized and died 
2 days later. The autopsy findings were: 
“(1) pneumonia, and (2) hemorrhage back of 
the orbital region.” One stillbirth occurred in 
the group that terminated spontaneously; the 
fetal heart tones disappeared during the first 
stage. Unfortunately no autopsy was done. 
The clinical diagnosis was fetal asphyxia. The 
fetal mortality in the group of mentoanterior 
presentations therefore was 4.9 per cent, or 
2 fetal deaths in 41 cases. 

In the category, mentotransverse presenta- 
tion, we had 10 cases. In 5 of these, or 50 per 
cent, rotation and spontaneous delivery as 
mentoanterior presentations occurred. The 5 
other cases were considered as transverse ar- 
rests and treatment was employed. 

In the first, a conversion was unsuccessfully 
attempted with complete cervical dilatation. 
Version and breech extraction were then car- 
ried out without difficulty. In the second case 
version and extraction were done, when there 
was interruption of progress in the second 
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TABLE VI.—SPONTANEOUS DELIVERY 


Per cent 
Chicago Maternity Center.................. «2. Sieg 


stage. During the operation “the baby jack- 
knifed, a contraction ring formed.” Relaxa- 
tion was eventually achieved and the baby 
was delivered. This baby cried after much 
difficulty and required 1 hour of artificial res- 
piration. In the third case conversion to an 
occiput right anterior position was obtained 
after complete dilatation. The patient was 
then put back to bed and delivered spontane- 
ously, presentation being occiput anterior. 
The fourth Case was a manual rotation to 
mentodextra anterior at 6 centimeters and o. 
station. The patient was put back to bed; 
she delivered spontaneously 1 hour later. In 
the last case, after 4 hours and 10 minutes of 
the second stage, version and extraction were 
done and the baby was delivered safely. 

There was 1 fetal death in the mentotrans- 
verse group. This fatality was due to com- 
pression of the cord by the occiput and the 
back of the neck, and occurred in the group in 
which rotation and delivery took place spon- 
taneously. It is noteworthy that the cord may 
be compressed by the hard subocciput and the 
back of the neck; such compression is more 
likely to be fatal than when the cord lies under 
the chin in the normal vertex presentation. 
The fetal mortality in the mentotransverse 
group was Io per cent—1 case. 

In the last group, mentoposterior, were 13 
cases. In this group rotation to mentoanterior 
and spontaneous delivery occurred in 7, or 
53-8 per cent. In 6, 46.2 per cent, the fetus 
remained in persistent chin posterior position 
and delivery was effected by operative inter- 
ference. The case histories are summarized as 
follows: 


CasE 1. Three attempts at conversion failed and 
a version and breech extraction procedure was carried 
out after the second stage of labor had lasted 2 hours 
and 15 minutes. A stillborn infant weighing 9 
pounds was delivered. During the manipulation, the 
fetal heart tones became irregular and then disap- 
peared. 


Contributing factors in this fatality were 
first, the choice of method of inducing anesthe- 
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TABLE VII.—OPERATIVE PROCEDURES IN 12 


CASES 


sia; parasacral block was used. Second, 3 prior 
attempts had been made at conversion before 
the version and extraction procedure was 
done. 


CasE 2. Progress ceased in the second stage of 
labor which lasted a total of 4 hours. An attempt 
was first made to flex the head and then deliver the 
baby by means of forceps from a —1 station. When 
the head did not descend easily with trial traction, 
the forceps were removed and a version and extrac- 
tion operation was carried out. There was some 
difficulty in securing anesthesia deep enough to cause 
the uterus to relax well. A living 734 pound baby 
cried spontaneously after delivery. However, dur- 
ing the operative procedure the mother sustained ex- 
tension into the left broad ligament of an old third 
degree cervical laceration. The patient was hospi- 
talized and a hysterectomy was done; she made an 
uneventful recovery. 

CasE 3. In an attempt to institute regular and 
strong uterine contractions, the bag of waters was 
ruptured artificially when the cervix had dilated to 
6 centimeters and the head was at a—4 station. There 
was no progress in cervical dilatation for 17 hours. 
The head descended to an o station. Then an intra- 
ovular 9 centimeter Voorhees bag was inserted. This 
was expelled after 2 uterine contractions. With a 
cervical “‘cuff of 2 centimeters,” the patient was 
anesthetized and an attempt at manual conversion 
was made. The head was brought into the pelvis, 
although flexion was not fully maintained. Two 
double-toothed tenacula were used on the scalp to 
obtain more flexion. During the manipulation, the 
fetal heart tones disappeared and the baby (6% 
pounds) was delivered by craniotomy. 


Unwarranted artificial rupture of the bag 
of waters, no progress in cervical dilatation for 
a prolonged period of time, and attempted de- 
livery through an incompletely dilated cervix 
contributed to the outcome in this case. 


Case 4. A version and breech extraction was 
safely carried out after complete dilatation with the 
head at a —2 station. 

CasE 5. The diagnosis was not made until the 
second stage when with spontaneous rupture of the 
bag of waters, the fetal heart tones disappeared and 
the face became impacted in the pelvis. The total 
length of this second stage was 3 hours and 50 min- 
utes. During this time, an attempt at conversion to 


an occiput anterior position was unsuccessful. De- 
livery of a 7 pound stillborn baby was effected by 
version and extraction. 

Case 6. A manual rotation to chin anterior posi- 
tion was carried out easily when complete dilatation 
occurred. The patient then delivered spontaneously 
without any difficulty. 

The fetal mortality in mentoposterior posi- 
tion cases was 23.8 per cent—3 cases. 

A résumé of the operative procedures is 
given in Table VII. From this it may be de- 
duced that (1) manual rotation, if possible, is 
advisable; (2) attempts at conversion, in our 
hands at least, were prone to failure and the 
deliveries had to be terminated by other 
means; it should be remembered that the in- 
trauterine manipulation associated with this 
maneuver, if unsuccessful, will tend to make 
the uterus more irritable and so tends to make 
other methods of delivery technically more 
difficult; and (3) version and breech extraction 
in face presentation may be a useful proce- 
dure. However, it must be done carefully and 
skillfully, with all the conditions for this pro- 
cedure observed. 

In the 8 versions and extraction cases there 
was 1 badly asphyxiated baby, 1 ruptured 
uterus, and 2 stillbirths. This record needs 
exploring. In the first case—the operative 
case in the mentoanterior group—the version 
and extraction operation was necessitated by 
a prolapse of the cord. In view of the signs of 
fetal distress encountered before this operation 
was begun, the complicating prolapse may be 
said to have contributed to the stillbirth. In 
a second case—Case 2 of the mentotransverse 
group—delivery was impeded by faulty tech- 
nique and delivery resulted in a badly asphyx- 
iated baby who recovered. In a third case— 
Case 1 in the mentoposterior group—excessive 
manipulation prior to the version and poor 
choice of method of anesthesia contributed to 
the stillbirth. In the fourth case—Case 2 in the 
mentoposterior group—the poor choice of pa- 
tient, a previous severe soft tissue injury was 
aggravated by the intrauterine manipulation 
and resulted in a ruptured uterus. The con- 
clusions from our experience must be that the 
version and extraction procedure can be a 
useful and valuable part of the obstetric ar- 
mentarium when one is dealing with a face pre- 
sentation, only if the case is carefully selected 
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and all conditions for the operation are care- 
fully evaluated. 

It is extremely interesting at least to us, 
that not one case of face presentation in our 
series of 6 primiparas and 52 multiparas was 
terminated by cesarean section. However, 
cesarean section might have given better re- 
sults if it had been considered in selected 
cases. 

The total fetal mortality’ was 6 deaths in 
64 cases. One death was associated with pro- 
lapse of the cord. Two were associated with 
major operative interference in the group of 
mentoposterior positions; another to an im- 
pacted mentoposterior presentation which had 
not been diagnosed. The 2 others were associ- 
ated with spontaneous deliveries. Of the 
latter, one was due to intrauterine asphyxia, 
etiology unknown; and in the other, death was 
due to compression of the cord. Thus in our 
total series of “normal” babies delivered by 
the face, we have an uncorrected fetal mor- 
tality of 9.4 per cent. The maternal mortality 
was nil. 

This low fetal mortality occurred in a series 
with a low rate of operative interference. It 
confirms the maxim that where a “‘face’’ is 
making progress it should be left alone, opera- 
tive interference being indicated only when 
progress has ceased. 


SUMMARY AND CONCLUSIONS 


1. The statistics for the past 1614 years of 
the Chicago Maternity Center relative to face 
presentation deliveries have been presented. 

2. The etiology of face presentation is ob- 
scure. The only etiologic factors which could 
be substantiated by our data are (1) multi- 
parity and (2) original occiput posterior posi- 
tions. 


1In our fetal mortality we included a// intrapartum and neonatal 
—to 10 days—deaths. 


3. The presence of the cord around the 
neck did not differ materially from the inci- 
dence found in the service as a whole. How- 
ever, fatal compression of the cord is more 
likely to occur in face presentation when the 
cord lies between the subocciput and the back 
of the neck. 

4. There was 1 prolapsed cord. This was 
associated with a major operative procedure 
and resulted in a neonatal death. 

5. No significant difference was found in 
the weights of babies delivered by face and 
those via the usual cephalic presentations. 

6. In our clinic face presentation shows a 
slightly shorter first stage of labor and a defin- 
itely longer second stage of labor than do ver- 
tex presentations. 

7. Most patients will deliver spontaneous- 
ly if they are permitted to do so. 

8. In cases in which operative interference 
is indicated the simplest procedure will gener- 
ally yield the most satisfactory results. 

g. In general, our low fetal mortality (for 
this position) was due, we believe, to a policy 
of noninterference while progress was being 
made. 
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THE EXPERIMENTAL USE OF HOMOLOGOUS VEIN GRAFTS 
TO CIRCUMVENT THE PULMONIC VALVES 


THOMAS J. DONOVAN, M.D., Boston, Massachusetts 


INCE the original comments of Sam- 
ways and Brunton at the turn of the 
century, many surgeons have held the 
conviction that certain valvular steno- 

ses of hearts with relatively good myocardial 
function should be amenable to operative cor- 
rection. Haecker, Carrel (15), and others 
experimented with valvular operations under 
direct vision by temporarily interrupting the 
circulation, but they frequently encountered 
irreversible cerebral damage after a few 
minutes of circulatory arrest. Later investiga- 
tions by Cushing, Cutler, Powers (48, 49), 
Wilson, and others (54) involved “blind”’ in- 
cision or partial excision of the mitral valve 
with various instruments. Allen and Graham 
introduced an endoscope, which afforded lim- 
ited vision during these intracardiac maneu- 
vers, but despite improvements by Harken 
(32), better visualization was generally offset 
by a concomitant decrease in coronary and 
cerebral flow and an increase in operative 
mortality. The experimental and clinical re- 
sults of valvulotomy demonstrated that a uni- 
formly high mortality attends the abrupt 
addition of mitral insufficiency and its pendu- 
lum blood to the lowered myocardial reserve 
and pancarditis of mitral stenosis (18, 48, 40, 
57). The calcareous diaphragm of mitral 
stenosis and the regional narrowing and vary- 
ing combination of defects in congenital pul- 
monic stenosis make it unlikely that any per- 
manent or significant physiological benefit will 
follow incision, partial excision, or dilatation 
of the pathological lesions. Further investiga- 
tions of the direct approach to valvular recon- 
struction have continued in recent years, how- 
ever, and have received new impetus from the 
improvements in machines for the extracor- 
poreal oxygenation and maintenance of cere- 
‘bral blood flow (54, 55). These artificial 
heart-lung mechanisms if perfected may per- 
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mit interruption of the cardiopulmonary circu- 
lation and direct exposure of the valves for 
short periods (5, 24, 38, 44). 

In recent years the pioneer work of Blalock 
(9, 10, 11) in the use of extracardiac shunts in 
circumventing circulatory obstructions has 
reached fruition in the clinical use of the arti- 
ficial ductus for the relief of pulmonic stenosis 
and atresia. Although the decreased pul- 
monary blood flow is largely corrected by the 
artificial ductus, the efficient separation of 
oxygenated and unoxygenated blood into the 
systemic and pulmonary circuits is lacking 
postoperatively and a large arteriovenous 
shunt is superimposed on the residual pul- 
monic stenosis and venous-arterial septal com- 
munication (1). 

In 1910 Carrel (16) envisioned the use of 
vessel grafts to connect the cardiac cavities 
but did not describe technical details or opera- 
tive attempts. In 1913 Jeger proposed by- 
passing the aortic valve with an autogenous 
graft of jugular vein and described 1 unsuccess- 
ful attempt on a dog. A similar procedure was 
suggested for mitral stenosis, but no further 
experiments were cited. Hurwitt has recently 
reported experiments with a polyethylene tube 
used to circumvent the pulmonic valve by in- 
sertion proximally into the right ventricle and 
distally into the main pulmonary artery be- 
yond the semilunar cusps. Three out of 11 
animals survived the operative maneuver, but 
all developed thrombosis of the tubes. 

With the purpose of constructing a new 
mitral valve or a new pulmonary artery, the 
author has investigated various surgical tech- 
niques including the use of a lucite ball-valve, 
auriculoventricular anastomoses with cutting 
suture technique, and free vein grafts leading 
from the left inferior pulmonary vein to the 
left ventricle or from the right ventricle to the 
left pulmonary artery, so as to circumvent the 
mitral and pulmonic valves respectively. It is 
the use of these venous grafts from the right 
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ventricle to the left pulmonary artery which 
will be described in this preliminary report. 

The common femoral vein usually has two 
valves which in the human are exposed to 
pressures above those encountered normally 
in the pulmonary artery or in the tetralogy of 
Fallot (10). They, therefore, should prevent 
regurgitation in the undesired direction. Gross 
and associates (27, 45) have recently reported 
the preservation of homogenous arterial grafts 
in a viable state for about a month and the 
successful bridging of aortic gaps with these 
homografts. The preservation of venous 
grafts by this method should provide viable 
‘veins of ample size. The fact that walls of 
viable, autogenous vein grafts thicken and 
simulate arteries under arterial pressures sug- 
gests that these homogenous veins might 
simulate a normal pulmonary artery if they 
should remain permanently patent. 

The end-to-side subclavian to pulmonary 
artery suture anastomosis in the Blalock pro- 
cedure almost uniformly remains patent, so 
that the only technique which requires devel- 
opment is a safe and effective anastomosis 
between the distal end of the vein graft and 
the right ventricle (10). Although wounds of 
the ventricle spurt in systole and ooze in 
diastole, the ventricular muscle contraction 
tends to close the opening and prevent bleed- 
ing. Moreover, the author noted that the 
anastomoses between the left auricle and ven- 
tricle and between the autogenous vein graft 
(from the left pulmonary vein) and the left 
ventricle invariably closed and healed with 
a barely visible scar. Hanlon and Blalock (31) 
observed that the right superior pulmonary 
vein anastomosed to the right atrium (between 
the caval origins) showed a high percentage of 
postoperative strictures and occlusions. Ger- 
bode and associates corroborated this finding 
in anastomoses of azygos vein to right auricle. 
Furthermore, suture anastomosis of the vein 
to the endocardium of the right ventricle 
would involve temporary interruption of the 
circulation with the previously mentioned 
technical difficulties. 

It might, therefore, prove efficacious to cuff 
the distal end of the vein graft over an artificial 
tube (after the method of Blakemore in 
peripheral arteries) and insert the venous- 
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Suture anastomosis 


~~ Valves in vein graft 


----- — Epicardial suture through 
polyethylene tube 


Right ventricle 


Fig. 1. A diagram of the right ventricle and pulmonary 
arteries in sagittal section showing the vein graft lining the 
intracardiac polyethylene tube and joining the left pul- 
monary artery by suture anastomosis just distal to the liga- 
ture. In the jugular vein the proximal valve is not usually 
present as in the femoral vein graft depicted here. 


lined tube in the ventricle (7). This would 
afford rapid hemostasis, would hold the ven- 
tricle open, and would permit intima-to-endo- 
cardial healing (Fig. 1). The author has used 
polyethylene tubes in replacing segments of 
blood vessels and has found the plastic to be 
tolerated relatively well in body tissues (20, 
21) (Fig. 2). Since this material holds sutures 
well and, when pure, causes as little tissue re- 
action as any known artificial tube, it was 
used in these ventricular anastomoses. Ven- 
ous-lined tubes have been widely reported as 
inferior to suture anastomoses by Johns, 
Blalock (8), Beck (4), and others (6). Never- 
theless, because of the above desirable features 
of the venous-lined tube, it was decided to test 
its effectiveness in this heart anastomosis. 


MATERIALS AND METHODS 


Preparation of the vein grafts. In the early 
experiments a vein was removed from a large 
dog and in a one stage procedure used to 
circumvent the pulmonic valve. Since these 
autogenous grafts were about one-third to 
one-half the size of the left pulmonary artery, 
the artery proximal to the anastomosis was 
not ligated in this initial group. In the subse- 
quent series, the common femoral and jugular 
veins were removed aseptically from 26 to 37 
kilogram donor dogs and stored for several 
days to a week at 1 to 4 degrees C. in a solution 
similar to that described by Gross and associ- 
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ates (27, 45). This preserving medium con- 
sists of 85 per cent balanced salt solution 
buffered with bicarbonate to pH of 7.6 and 
containing phenol red indicator, 10 per cent 
autologous serum (Gross and associates used 
homologous serum), and 5 per cent antibiotics 
(500 units per c.c. of penicillin and strepto- 
mycin). When removed from the flask at 
operation, the vessels were quite firm, odorless, 
and had a pale color and glistening endotheli- 
um. No definite change in the color or pH 
of the solution occurred. In dogs of 8 to 15 
kilogram weight these homoplastic grafts 
closely simulated the size of the left pulmonary 
artery, and the artery was ligated just proxi- 
mal to the suture anastomosis to establish a 
pressure gradient somewhat favorable to 
patency of the graft. 

Preparation of the polyethylene tubes. Stock 
tubing of 5.2 and 7.8 millimeters inside diam- 
eter was cut into lengths of 12 to 14 millimeters 
and one end flared with a hot die. A few milli- 
meters from the opposite end of the tube a 
groove was made around the circumference. 
The effective length of the tube from this end 
to the flare was about 10 millimeters, or 12 to 
14 millimeters including the flare. The’ tube 
was immersed in 1:1000 aqueous zephiran for 
18 hours prior to operation. 

Operative technique. The animals were anes- 
thetized with intravenous nembutal (1 c.c. of 
6 per cent nembutal per 5 lbs. of body weight) 
and preoperative electrocardiograms and pho- 
nocardiograms were taken. Morphine (% 
grain) and atropine (1/100 grain) were given 
and the animal prepared for operation. The 
Millikan oximeter was set at 100 per cent 
arterial oxygen saturation after a short period 
of positive pressure oxygen given through an 
intratracheal tube by a mechanical respirator 
(40). An oscillometer cuff was fixed to the 
hind leg to permit periodic blood pressure 
measurements. 

The fifth rib was resected and the pleural 
cavity entered through its bed. To suppress 
autonomic reflexes procaine hydrochloride (1 
per cent) was injected into the intercostal and 
vagus nerves, and applied to the pericardium, 
epicardium, and pulmonary hilus (14). The 
distal end of the jugular or femoral graft was 
cuffed over the polyethylene tube and fixed in 


place with a No. ooo silk ligature in the hold- 
ing groove. The vein was moistened with 
saline at subsequent intervals (29). After the 
left pulmonary artery had been quickly freed, 
bull dog clamps were applied to the left pul- 
monary artery and an elliptical portion of the 
superior wall was excised. In the final series 
a clamp was constructed on the Pott’s prin- 
ciple which only partially occluded the left 
pulmonary artery during the suture anasto- 
mosis (47) (Fig. 3). Two or 3 everting mat- 
tress stay sutures were placed at equidistant 
points on the circumference of the anasto- 
mosis and connected with continuous everting 
mattress sutures in the usual manner (10, 
28, 29, 53). Excessive diaphragmatic motion 
from the Hering-Breuer reflexes sometimes 
interfered with this anastomosis and 0.25 
cubic centimeter of tubocurare or intocostrin 
was diluted and given slowly and the initial 
dose of nembutal was supplemented by 2 per 
cent pentothal given through an intravenous 
polyethylene tube (58). 

After completion of the suture anastomosis 
3 epicardial sutures of No. ooo silk were placed 
through the flared end of the tube and at three 
well-spaced points in the epicardium of the 
right ventricle between the coronary arteries 
and just below the pulmonary conus.! The 
left pulmonary artery clamps were removed 
and a Bard-Parker blade, slightly larger than 
the tube diameter, was carefully inserted into 
the right ventricle between the epicardial 
sutures. At the same time the anesthetist 
started injecting 50 cubic centimeters of blood 
through the intravenous polyethylene tubing. 
The venous-lined tube was quickly inserted 
and the epicardial sutures tied. While the 
anesthetist expanded the lungs fully, 30 cubic 
centimeters or more of citrated arterial blood 
was given into the thoracic aorta through a 
25 gauge needle to restore quickly cerebral and 
coronary flow without adding to the work of 
the right ventricle (46). If the blood pressure 
remained low, more blood was given intra- 
aortically, when the hypotension was con- 
sidered due to blood loss. If, however, a 
decreased myocardial contractility was noted, 


1If a tachycardia interfered with placing of the sutures or the 
efficiency of the heart, 1 cubic centimeter of oubain was given 
intravenously. Because of the tendency to increased ventricular 
automatism, however, it was seldom used (12). 
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small doses of epinephrine were injected 
intravenously or into the right ventricle (3). 
Oximetry was followed closely and the lungs 
were kept well expanded with too per cent 
oxygen through a clear airway. The operation 
was done in slight Trendelenburg position to 
aid in maintaining cerebral flow. Bleeding at 
the anastomoses was usually slight and self- 
limited, but occasionally the tube anastomosis 
had to be reinforced with an additional epi- 
cardial suture. When hemostasis was com- 
plete, sodium heparin (Lederle) was given in 
moderate dosage (0.5 mgm. per kgm. of body 
weight every 3 to 4 hours) through the intra- 
venous tubing. When the cardiac function 
appeared normal, the left pulmonary artery 
was ligated near its origin. The chest was 
closed in layers with chromic pericostal and 
interrupted cotton sutures and with careful 
attention to removal of the intrapleural air 
and expansion of the left lung. Penicillin-in- 
oil was usually given for a few days post- 
operatively and the 3 to 4 hourly injections of 
heparin were continued from 3 to 7 days. 

Follow-up observations. During the various 
intrathoracic maneuvers changes in the ar- 
terial oxygen saturation were recorded by 
photoelectric oximetry. In addition, blood 
pressures and electrocardiograms were re- 
corded at various stages of the operative pro- 
cedure and observations made directly on the 
cardiac action and function of venous grafts. 

Because of the variation in the normal 
canine electrocardiogram, preoperative trac- 
ings acted as a control for each animal. The 
routine limb leads and one precordial lead 
near the apex were taken together with apical 
phonocardiograms. The latter were recorded 
with crystal microphone and galvonometer 
mirror (19, 34, 43). At various intervals post- 
operatively, auscultation of the heart and 
lungs, electrocardiography and phonocardi- 
ography, and serial angiocardiography were 
performed under nembutal anesthesia (26, 50). 
Just prior to careful autopsy the pulmonary 
artery pressures proximal and distal to the 
anastomosis were measured with a lumbar 
puncture manometer under nembutal anes- 
thesia. Histological examinations were made 
of the significant gross pathological changes at 
autopsy. 


RESULTS 

Toleration of the operative procedure. Tables 
IA and IB summarize the results in the few 
initial autogenous grafts and in the three short 
series of homogenous grafts. As can be seen 
the operative mortality was in the neighbor- 
hood of 50 per cent. Since the technique is in 
the developmental stage and the number of 
experiments limited, the pattern of operative 
mortality is too unstable to indicate how well 
the immediate procedure is tolerated. As to 
remote mortality and morbidity, however, it 
is noteworthy that none of the animals with 
homoplastic grafts that emerged from anes- 
thesia died postoperatively or showed any 
untoward signs from the presence of the intra- 
cardiac tube. Two of the animals gave birth 
to healthy litters and all were active and well 
postoperatively. 

The electrocardiograms preoperatively var- 
ied quite widely and often showed marked Q 
waves and low or inverted T waves in lead I.' 
When the pericardium was first handled, the 
heart seemed more sensitive to extrinsic stim- 
uli and occasionally a supraventricular rhythm 
(probably flutter) with two-to-one block was 
observed grossly with auricular contractions ~ 
at about 300 per minute (57). Following col- 
lapse of the left lung and occlusion of the left 
pulmonary artery, oximetry readings fell slow- 
ly to a moderate degree during the quarter 
to half hour period of anastomosis, and con- 
comitant slight depressions of the ST segments 
or J waves sometimes occurred. In 1 case 
slight right axis deviation was noted. Often, 
however, no changes were seen until the epi- 
cardium was sutured or incised and the tube 
inserted, at which time ventricular extra- 
systoles and occasionally ventricular tachy- 
cardia appeared (33).? These were transitory, 
as a rule, and a sinus rhythm almost always 
returned upon completion of the ventricular 
anastomosis. 

The postoperative electrocardiograms were 
notable for the lack of any injury patterns. 

1These deflections would be considered abnormal in human 
tracings and are probably due to the more anteroposterior posi- 
tion of the canine interventricular septum and the different rela- 
tion of the cardiac position in dogs to the junctions of their limbs 
and bodies as contrasted with humans. 

2No precordial leads were possible during operation, and only 


- tracings were taken from the limb leads at infrequent inter- 
vi 
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TABLE IA.—THE RESULTS OF THE USE OF FREE VEIN GRAFTS AND POLYETHYLENE TUBES OF 
5.2 MILLIMETERS INSIDE DIAMETER IN CIRCUMVENTING THE PULMONIC VALVES OF NOR- 


MAL DOGS 


Weight 
No. in kgm. 


Time of 
survival 


Cause of 
death 


Condition of graft 


Group I—Autogenous grafts 


9.5 mo. 


Sacrificed 


Shrunken, walls apposed 


Tube out of ventricle 


78 days 


Sacrificed 


Shrunken, walls apposed 


Tube in place 


8.3 mo. 


Sacrificed 


Shrunken, walls apposed 


Tube in place 


Series I—Homogenous grafts 


4-3 mo. 


Sacrificed 


Shrunken, walls apposed 


Verrucous tricuspid valve 


Operative death 


CNS damage 


Tube anastomosis clear. Small ~ 
clots in suture anastomosis 


Insufficient blood replacement 


Operative death 


Hemorrhage 


Tube anastomosis thrombosed. 
Suture anastomosis clear 


Prolonged insertion of tube. In- 
sufficient blood replacement 


4.0 Mo. 


'| Sacrificed 


Shrunken moderately 


Endocardium healed to vein 


Operative death 


Died during suture 
anastomosis. 


Suture anastomosis good 


Ventricular fibrillation after oubain 
and e 


3-8 mo. 


Sacrificed 


Shrunken, walls apposed 


Endocardium healed to vein 


TABLE IB.—THE RESULTS FOLLOWING THE USE OF HOMOGENOUS VEIN GRAFTS AND POLYETHY 
LENE TUBES OF 7.8 MILLIMETERS INSIDE DIAMETER IN BY-PASSING THE PULMONIC VALVES 
OF NORMAL DOGS 


Weight 
No. in kgm. 


Time of 
survival 


Cause of 
death 


Condition of graft 


Series II—Homogenous grafts 


56 days 


Sacrificed 


Moderately shrunken 


Both anastomoses thrombosed 


50 days 


Sacrificed 


Moderately shrunken 


Both anastomoses thrombosed 


Operative death 


Died during suture 
anastomosis 


Ventricular fibrillation after epine- 
phrine and massage 


47 days 


Sacrificed 


Slightly shrunken 


Both anastomoses thrombosed 


Operative death 


Hemorrhage 


Both anastomoses clear 


Difficult and prolonged heart 
anastomosis 


Series I1I—Homogenous grafts (with special pulmonary artery clamp) 


33 days 


Sacrificed 


Suture anastomosis and graft con- 
tained clot 


Tube anastomosis patent 


14 


34 days 


Sacrificed 


Graft filled with recent clot 


X-ray showed patency at 17 days 


14.5 


Operative death 


CNS damage 


Both anastomoses clear 


Anterior chordae severed 


13-5 


Operative death 


CNS damage 


Both anastomoses clear 


Difficult heart anastomosis 


The ST segment and T wave depressions that 
did occur were slight and frequently associ- 
ated with an explanatory sinus tachycardia. 
An occasional extrasystole or sinus arrhythmia 
appeared, but no significant conduction de- 
fects were present postoperatively. The 1 dog 
that gave somewhat significant changes in the 
electrocardiograms had the only definite car- 
diac pathology at autopsy. These were slight 
ST segment changes consistent with a sub- 


siding posterior infarct pattern in humans, 
notched P waves, and a tendency toward 
right axis deviation 5 weeks postoperatively. 
The changes disappeared in the next 3 months. 
At autopsy 17 weeks postoperatively, a ver- 
rucous and insufficient tricuspid valve was 
found with slight hypertrophy of right ven- 
tricle and dilatation of right auricle (Fig. 4). 

The phonocardiograms were negative ex- 
cept for two pleuropericardial rubs accentu- 
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Fig. 2. a, A roentgenogram of a polyethylene tube bridg- 
ing a gap in the thoracic aorta 12 months postoperatively. 
\rrows indicate the extent of the tube. b, The same tube 


ated during inspiration. One evanescent 
systolic murmur that persisted at times 
throughout the respiratory cycle was recorded 
on 1 occasion in the animal with the verrucous 
and regurgitant tricuspid valve. No other 
murmurs or rubs excepting these were heard 
during frequent postoperative auscultation. 
Function of the vein graft. At operation only 
1 of the vein grafts thrombosed before the 
chest was closed. Some of the suture anasto- 
moses appeared somewhat constricted and the 
graft somewhat dilated. When only one valve 
was present in the graft, blood usually re- 
gurgitated slowly past the valve after the vein 
had been occluded proximally and emptied by 
manual compression. If 2 valves were present 
they were competent against normal pulmon- 
ary artery pressures. In 1 case, blood was 
milked in the opposite direction to try to 
force the valves but they remained competent. 


Fig. 3. The clamp used to occlude partially the left 
pulmonary artery during the suture anastomosis. The thin 
curved blades permit this partial occlusion, while the fine 
adjustment of the thumbscrew maintains the proper pres- 
sure to grip but not damage the vessel wall. 
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and aorta at autopsy showing the endothelial and connec- 
tive tissue proliferation covering the vulnerable tube- 
vessel junction and inhibiting thrombosis. 


Since one is interested only in permanent 
patency with these anastomoses, serial angio- 
cardiography was performed only twice before 
1 month postoperatively, and in 1 of these 
studies at 214 weeks patency of the vein graft 
was demonstrated (Fig. 5). All angiocardi- 
ographic studies done later than 1 month 
postoperatively showed occlusion of the graft 


Fig. 4. The appearance of one heart 4.3 months post- 
operatively. The anterior wall of the right ventricle has 
been opened widely to show the excessively long tube and 
the villous proliferations of the tricuspid leaflet resulting 
from the continual slapping of the cusp against the tube. 
The exposed portion of the polyethylene tube and the liga- 
ture are completely covered with connective tissue lined 
with endothelium. 
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rt. auricle —- sup.vena cava 
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__vein graft 
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It. atrium 
c 


Fig. 5. Left anterior oblique films taken at 0.75 second intervals after the injection of 70 per cent diod- 
rast. a, The diodrast has reached the right atrium, ventricle, and pulmonary artery. The left pulmonary 
artery is not yet visible, but the proximal half of the graft is “a outlined (see arrow) although super- 
imposed on the superior vena cava. b, The diodrast outlines the complete graft and distal left pulmonary 
artery. The arrow denotes the cusps of the jugular valve projecting into the graft lumen at about 35 
degree angle. The diodrast in the left pulmonary artery proves the delay in passage through the graft 
to be less than 0.75 second. b, The diodrast is now filling the pulmonary veins and left atrium, but can 
still be seen in the pulmonary arteries. The right pulmonary artery is obscured by the atrial diodrast, 
but the ligature and blind pouch (see arrow) proximal to the suture anastomosis of the left pulmonary 
artery are well visualized. Because of the difference in overlying structures and depth below the chest 
wall, it is impossible to compare the volume flow through the two pulmonary arteries from the apparent 
density of the diodrast. 
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Fig. 6. The inside of the right ventricle seen in Figure 5, 
34 days postoperatively showing the venous-lined tube just 
‘hrough the heart wall and well healed te the endocardium. 
The thrombosed graft can be seen above the heart joinin 
the left pulmonary artery between the two proxima 
hemostats. 


and no diodrast in the left pulmonary artery 
distal to the ligature. The main pulmonary 
artery pressures just prior to autopsy re- 
mained normal at about 45 centimeters of 
water while the pressures distal to the left 
pulmonary artery ligature were about 25 
centimeters of water; i.e., a little over half the 
normal mean arterial pressure as obtained by 
this method. 

Autopsy findings. The left lungs were ex- 
pandable but slightly pale, shrunken, and firm 
to palpation. Histological sections disclosed 
some atelectasis, perivascular and alveolar 
connective tissue proliferation and moderately 
engorged vessels. One animal had a healed 
empyema with cortex formation, but no others 
showed evidence of sepsis. Vascular adhesions 
were present between the visceral pleura of the 
left lung and the pericardium, diaphragm, and 
chest wall near the apex. Invariably, the 
anterior mediastinal fat and connective tissue 
became attached to the flared end of the tube 
forming a dense adhesion to the inner surface 
of the sternum and apparently compressing 
the vein graft as it emerged from the tube. 
The blind pouch from the ligature on the left 
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Fig. 7. ae pe of the heart 33 days postoperatively. 
The venous-lined tube projects well into the ventricle and is 
healed solidly to endocardium. The moderately contracted 
graft can be seen above the heart leading to the occluded 
suture anastomosis at the dimpled area in the center of the 
hemostats. The tube is 7.8 millimeters inside diameter. 


pulmonary artery to a point just distal to the 
anastomosis was obliterated, while the proxi- 
mal and distal left pulmonary artery were 
slightly small but normal microscopically. 
The venous-lined tube usually protruded a 
few millimeters into the right ventricle and the 
intima was invariably healed to endocardium 
without intracardiac fibrin or clot formation 
(Figs. 6 and 7). One of the tubes projected 
about 6 millimeters into the ventricle, but the 
area of bare polyethylene tubing and the 
exposed silk ligature were completely lined 
with endothelium (Fig. 4). The end of the 
vein graft was usually opened for several 
millimeters into the tube where the walls were 
apposed or a clot present depending on the 
length of time after operation. One month 
postoperatively the graft was about normal in 
size with moderately thickened walls and con- 
tained relatively fresh clots in 2 instances. At 
2 months moderate shrinkage and fibrosis had 
occurred with partial lysis of the clots. Four 
months or more postoperatively the walls of 
the graft were markedly shrunken and ap- 
posed to form a cord-like structure. Micro- 
scopically, the walls were composed largely of 
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hyalinized connective tissue and were lined 
with endothelium in some areas, while in 
others the endothelium had disappeared. They 
varied likewise in their vascularity and cellu- 
larity. 

The epicardial adhesions were usually slight 
except near the right ventricular tube and 
sutures. The myocardium was normal as were 
the endocardium and valves except for the 
tricuspid valve with the verrucous excres- 
cences (Fig. 4). These villous proliferations of 
subendocardial connective tissue showed ede- 
ma but no hemorrhage or bacterial invasion 
microscopically. 


DISCUSSION 


It is too early to estimate what the immedi- 
ate mortality in normal dogs will be following 
this operation, and it is more difficult to 
predict how well the patient with valvular 
stenosis and lowered myocardial reserve would 
tolerate the procedure. From the evidence at 
present, however, it appears that long term 
health and cardiac function following the 
operative maneuver are good. With small 
lesions of the right ventricle, multiple pre- 
cordial leads are undoubtedly needed to rule 
out significant cardiographic changes (26). 
Nevertheless, the repeatedly negative electro- 
cardiographic findings, the uneventful post- 
operative course, and the appearance of the 
heart at autopsy point to the normality of 
cardiac function in the presence of the intra- 
cardiac tube and graft. 

The absence of permanent patency in these 
anastomoses may be due to the reaction of the 
artificial tube near the ventricular anastomo- 
sis, in which case substitution of a less reactive 
tube would be necessary. Theoretically, an 
absorbable tube would be preferable to permit 
subsequent expansion of the anastomosis with 
growth of the child. The ligation of the left 
pulmonary artery produced a 20 centimeters 
of water (or more) pressure gradient some- 
what conducive to patency of the graft, al- 
though not nearly as favorable as _ those 
encountered in patients with congenital pul- 
monic stenosis (10). Moreover, autopsy ob- 
servations suggest that the ligature proximal 
to the anastomosis of the left pulmonary 
artery created a blind pouch which predis- 


posed to thrombosis. This end-to-side suture 
anastomosis was used to simulate the Blalock 
technique in humans and to permit flow 
through the left pulmonary artery during and 
after the anastomoses, since the heart action 
sometimes failed after the initial occlusion of 
the left pulmonary artery. Proximal division 
of the left pulmonary artery, however, with 
end-to-end anastomosis between the graft and 
the distal left pulmonary artery would be 
technically easier and more likely to remain 
patent. Sensitivity or foreign body reactions 
in the homogenous grafts may have initiated 
thrombosis, although these have not been re- 
ported by Gross and associates in their arterial 
homografts and no microscopic evidence was 
found in these venous grafts (27). 

If permanent patency can be maintained 
function of the graft should be effective. Serial 
angiocardiography demonstrated slightly de- 
layed but good filling of one graft and its 
peripheral arterial tree. The wall of this graft 
1 month postoperatively had thickened mod- 
erately and simulated the pulmonary artery 
grossly. Although some of the single valves 
were slightly incompetent at operation, the 
tendency of viable vein grafts to “‘arterialize” 
under increased pressures should prevent dis- 
tention of the grafts with the resulting 
incompetency of the valves, especially with 
the presence of two valves and the absence of 
stenosis at the distal suture anastomosis. 

The relatively high pressures in the left 
pulmonary arteries distal to the occlusions 
probably reflect the development of collateral 
circulation mainly through the bronchial 
arteries, as described by Miller, Mathes, 
Schlaepfer, and others (39, 41, 52). The 
efficient cardiac function in full term preg- 
nancy and during increased physical activity 
and the normality of main pulmonary artery 
pressures with the occlusion of the left pul- 
monary artery evince the capacity of the right 
lung to accommodate a greatly increased right 
pulmonary artery flow as noted by previous 
workers (22, 25, 42). The development o/ 
collateral circulation to the left lung and the 
ample vascular channels in the right lung 
dissipated to some extent the small pressur: 
gradient favoring patency of the graft. If the 
heart is able to tolerate a large enough tube. 
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ligation of the main pulmonary artery after 
end-to-side suture anastomosis will provide 
a greater pressure gradient with patency of the 
graft critical to the animal’s survival. 

Underhill reported a pressure increase of 
about 4o per cent lasting 20 to 40 minutes in 
the main pulmonary artery following ligation 
of the left pulmonary artery. This temporary 
adjustment of the right lung to increased flow 
with the occasional drop in cardiac output and 
arterial oxygen saturation partially explain 
the occasional development of gross and elec- 
trocardiographic evidence of right ventricular 
strain, dilatation, or failure following occlu- 
sion of the left pulmonary artery during the 
suture anastomosis. As evinced by clinical 
experience, patients with congenital pulmonic 
stenosis are not usually affected by this tem- 
porary occlusion of the right or left pulmonary 
artery since the vascular bed of the lung is 
much in excess of their lowered pulmonary 
artery flow (10, 11). 


SUMMARY 


Because of the irreparable condition in con- 
genital pulmonic stenosis and rheumatic mitral 
stenosis, methods have been investigated for 
circumventing these lesions with the least 
residual derangement in cardiodynamics. Ho- 
moplastic vein grafts have been preserved for 
several days and used to circumvent the pul- 
monic valves in dogs. The distal end of a 
jugular or femoral graft was cuffed over a 
polyethylene tube and inserted into the right 
ventricle after the opposite end of the vein had 
been joined end-to-side to the left pulmonary 
artery by suture anastomosis. The proximal 
left pulmonary artery was then ligated. 

The animals were followed during operation 
by electrocardiography, oximetry, and sphyg- 
momanometry, and postoperatively by serial 
angiocardiography, electrocardiography and 
phonocardiography and pulmonary artery 
pressures just before autopsy. 

The operative mortality in three short series 
of experiments was about 50 per cent, but all 
animals emerging from anesthesia remained 
active and well. Electrocardiograms and 
phonocardiograms showed no significant de- 
rangement of cardiac function postoperatively. 
Serial angiography demonstrated patency of a 
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graft and distal left pulmonary artery at 214 
weeks, but all 11 grafts examined later than 1 
month postoperatively were occluded. The 
blind pouch formed by the end-to-side anasto- 
mosis with ligation of the proximal left pul- 
monary artery may have prejudiced patency 
of the suture anastomoses, while adherence of 
the substernal fat and connective tissue to the 
intracardiac tube seemed to compress the graft 
and contribute to the occlusion of the heart 
anastomoses. One graft, patent at 17 days 
postoperatively was examined at autopsy on 
the thirty-fourth day and found to simulate 
the pulmonary artery in thickness. The valves 
in the veins were usually competent against 
normal pulmonary artery pressures, especially 
with two valves present or with no distention 
of the graft from stenosis of the distal suture 
anastomosis. Main pulmonary artery pres- 
sures some weeks or months after occlusion of 
the left pulmonary artery were within normal 
range, while pressures in the left pulmonary 
artery distal to the occlusion were a little over 
half of these normal pressures. 


CONCLUSIONS 


1. Homoplastic vein grafts used in the 
described procedure can remain patent for 
several weeks during which time the walls 
thicken and the valves function in a manner 
similar to the normal pulmonary artery. 

2. Long term cardiac function following 
this operative procedure in normal dogs is 
good, although the immediate operative mor- 
tality cannot be determined from the evidence 
to date. 

3. Modifications of the ventricular tube are 
being investigated to develop a permanently 
patent and expandable anastomosis. 
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GAS CYSTS OF THE INTESTINES 


Report of Two Cases 


W. ANDREW DALE, M.D., and HERMAN E. PEARSE, M.D., 


AS cysts of the intestines (pneuma- 
tosis intestinalis, emphysematosis, 
pneumatosis cystoides intestinorum, 
etc.) have occurred relatively rarely 

in humans although the condition has been 
recognized for years in hogs (2, 4). Bang re- 
»orted the first case in a human in 1876. Since 
{urnure in 1913 and Mills in 1925 collected 
irom the literature 50 and 100 cases respec- 
tively, including their own, sporadic reports 
of single or several cases have occurred. Jack- 
son in 1940 was able to find 4 cases in Ameri- 
can and 172 in the world literature. A recent 
operative case as well as a previous case at 
autopsy in which intestinal gas cysts occurred 
is reported herein along with a brief summary 
of information regarding possible causes. 


PATHOLOGY 


While individual interpretations of findings 
vary, in general the condition consists of 
multiple thin walled gas-containing cystic 
areas situated in the walls of the large or 
small or of both large and small intestines as 
well as in the areolar tissue of the mesenteries 
and extraperitoneal areas. In some cases the 
cysts are generalized while in others they are 
rather definitely localized to a bowel segment 
or segments. Occasional cases of single cysts 
have been found. Emphysema has also oc- 
curred in areas such as the vagina. Naeslund 
analyzed the gaseous content of the cysts 
and found little or no oxygen or carbon 
dioxide in 3 cases in humans and 6 in animals. 
After brief exposure to air, diffusion occurred 
and these gases were present. 

Microscopically the cysts appear as empty 
spaces surrounded by a wall consisting either 
of connective tissue or endothelium-like cell 
lining. Multinucleated giant cells may lie 
in the wall as well as nearby. Acute inflam- 
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matory cells and small round cell infiltration 
and fibrosis of the wall have been noted. 

Occasionally small hemorrhages or serous 
fluid collections have appeared in the walls 
or interior of the cysts. From reported de- 
scriptions of the lesions it appears that there 
is an inflammatory and foreign body reaction 
which progresses to a chronic inflammatory 
stage with ultimate fibrosis and scarring. As 
noted in the following, numerous observations 
on cases proved at operation or autopsy 
have shown decrease in size or disappearance 
of the cysts with passage of time, and in some 
instances small fibrotic areas have marked 
the former site. 


ETIOLOGY 


The three theories as to the etiology that 
have been advanced in the medical literature 
are that it is bacterial, neoplastic, and 
mechanical. A fourth theory, namely that the 
cause is dietary deficiency, has been proposed 
by veterinarians. 

While various organisms have been isolated 
from the cyst contents, there has been no 
constant bacterial finding, and no case of a 
spreading infection. Many of the cyst cul- 
tures have been sterile. The bacterial theory 
now appears unlikely. Although neoplastic 
origin was postulated earlier there is no evi- 
dence from the microscopic studies that this 
exists. Further no gas producing neoplasm 
is known, so this etiology is improbable. 

The mechanical theory rests on firmer 
ground. The majority of reported cases have 
had two common factors present, namely 
obstruction of the alimentary canal and 
mucosal ulceration. Pyloric obstruction due 
to peptic ulceration and scarring has been the 
most common cause, with carcinoma next in 
frequency. Moore reported 4 cases in 1929 in 
infants all of whom died of enteritis; and in 
1938 Botsford and Krakower added 6 cases in 
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Fig. 1. Case 1. Retouched preoperative x-ray film of 
large obstructed stomach containing barium. 


children, 1 of whom died with enteritis and 
the other 5 had vomiting or diarrhea. They 
postulate the presence of undetected mucosal 
defects in the absence of autopsy findings of 
enteritis in these 5 cases. 

Mechanical forcing of intestinal gas or 
air through damaged mucosa into lymphatics 
has been thought to result in dilatation of the 
lymphatic channels with formation of cysts 
and resultant reaction to contained gas or to 
extralymphatic accumulations. In support 
of this theory Tung and Ngai describe the 
case of a patient with ulcerative pyloric 
obstruction operated upon under spinal 
anesthesia. Vomiting occurred after the 
lesion in the bowel was exposed and the cysts 
at the mesenteric border were at once seen 
to increase in size although the size of the 
lumen of the involved bowel was not altered. 
They describe serial sections made of a biopsy 
specimen showing the cysts connected to 
lymphatics, and believe that entry of gas into 


lymphatics resulted from increased intra- 
gastric pressure at time of emesis. In 5 dogs 
they outlined the lymphatics of the intestine 
by India ink or a fat meal and then injected 
air into the intestinal wall musculature, 
finding that it followed the outlined lymphatics 
in distribution but that 48 hours later it had 
disappeared. In 2 other dogs in which an 
acute gastric ulceration was produced and 
followed by stimulation of vigorous peristalsis 
they found gas bubbles still present in the 
gastric serosa and omental attachments on 
the second postoperative day. They there- 
fore believe that gas is forced into lymphatics 
through injured mucosa, that inflammation 
results with poor absorption and that a foreign 
body reaction walls off the gas as cysts. Bots- 
ford and Krakower could not produce the 
lesion in rabbits and cats. 

A fourth theory which has apparently been 
overlooked in humans is that a deficiency 
state is present which contributes to or pre- 
disposes to the gas cysts. Biester and Eveleth 
(2, 4) have investigated a similar condition in 
hogs and have repeatedly produced the le- 
sions experimentally in this animal by a de- 
ficiency diet. They found that 16 of 22 pigs 
fed polished rice with a protein supplement of 
washed casein developed intestinal emphy- 
sema. When skim milk powder constituted 
only 20 per cent of the ration the cysts de- 
veloped but when this was increased to 50 per 
cent they did not occur. Whole corn, un- 
polished rice, and yeast also prevented the 
cysts. The ration had to be sufficient to sup- 
port regular growth in order to produce the 
lesions. Their observations led to the con- 
clusion that the intestinal gas cysts resulted 
in the presence of a dietary deficiency. The 
actual deficient factor was not determined. 
The similarity of the lesions produced experi- 
mentally in the pig and those found ii 
humans is striking. 

In the great majority of cases of gas cysts 
in humans a digestive disturbance is present. 
Certainly when pyloric obstruction and ulcera. 
tion exist food intake is poor, and often onl) 
liquid portions of the diet are passed into th: 
absorptive portion of the intestine. This i: 
an excellent situation to cause a state 0: 
dietary. 
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GAS CYSTS OF THE INTESTINES 


Fig. 2. Case 1. Resected small bowel with gas cysts and adhesions. Arrow placed 


through hiatus in mesenteric adhesions. 


DIAGNOSIS 


The great majority of cases have been 
found incidentally at autopsy or at operation 
for pyloric stenosis. In the 50 cases reviewed 
by Mills there were 4 patients who apparently 
had symptoms referrable to obstruction due 
to the cysts and inflammation. There was 
also 1 case in which a palpable abdominal 
mass proved to consist of gas cysts with 
inflammation rather than tumor. Lerner and 
Gazin’s (8) patient had a right lower quadrant 
mass. They discuss roentgenologic findings 
which have been noted in a few other cases. 
In this case films were no longer considered 
diagnostic of gas cysts after 21 days. Gazin, 
Brooke, Lerner, and Price (6) presented a 
case diagnosed roentgenologically before oper- 
ation and later proved at operation. 

Treatment. The cases in which gas cysts are 
widespread or generalized are not suitable for 
definitive therapy since excision of all the 
lesions is not feasible. Even puncture of the 
multiple cysts is often impossible since many 
are tiny and they may number in the thou- 
sands. When the cysts are localized to a 
small segment of bowel, resection is usually 
possible. 


In cases in which reoperation or autopsy was 
performed at intervals of 19 days to 2 years 
after discovery of the lesions, the usual finding 
has been involution of the cysts, small scars on 
the bowel surface, or absence of demonstrable 
lesions. In an occasional case either recur- 
rence of punctured cysts or progression of 
cysts left at previous operation has been 
noted (9, 11, 12). 

Relief of the underlying cause of the cysts 
has usually been the primary purpose of 
operation. Because in most instances the 
cysts have followed pyloric obstruction with 
ulceration, correction of this obstruction is all 
that is required. Resection should be re- 
served for the occasional case in which evidence 
of inflammation or adhesions is present and 
in which intestinal obstruction may occur 
later. 


CasE 1. HLS., No. 290640, a 52 year old single 
white female, was admitted to the Strong Memorial 
Hospital on January 4, 1949 with a history of 
pyloric obstruction and previous bleeding presum- 
ably due to peptic ulcer. For 10 years there had 
been indigestion and postcibal vomiting. During 
the past year her symptoms had increased and on 
December 25, 1948 an episode of hemorrhage oc- 
curred. On admission she was pale, emaciated, and 
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Fig. 3. Case 1. Wall of ileum. Empty cyst with‘wall 


ear mass of hyalinized fibrous tissue lies to left. Giant cells 
are present at upper center. X 40. 


there was evidence of recent weight loss. There 
was visible peristalsis from left to right in the mid- 
abdomen and sounds were rushing and gurgling. 
No tenderness or mass was found. 

Barium swallow showed a greatly dilated stomach 
extending to the public symphysis which did not 
pass barium through into the duodenum (Fig. 1). 
Anemia was evidenced by red cell count of 2.60 
million per cubic centimeter and hemoglobin of 
8.5 grams per cent. Serum proteins were 4.96 milli- 
grams per cent. 

The fluid and electrolyte balance was corrected, 
repeated transfusions were given, and continuous 
Wangensteen suction was employed to decompress 
the stomach, during which time the pyloric balance 
remained negative. 

Operation (H.E.P.) was done for pyloric stenosis 
secondary to chronic peptic ulceration. When the 
abdomen was entered a small amount of clear fluid 
was found. A matted mass of small bowel at once 
appeared. This was found to be a loop of terminal 
ileum whose serosa was infiltrated and packed 
with myriads of varied sized cysts ranging from 
pinpoint to 2 centimeters in diameter. A few similar 
cysts were present in the mesentery of this area 
(Fig. 2). On puncture the cysts collapsed as gas 
escaped. One of the larger cysts on the serosal sur- 
face of the bowel had a small hemorrhage in it. The 
loop of bowel was adherent to itself by loose fibrous 
adhesions and the entire mass was adherent to the 
inferior surface of the right lobe of the liver. After 
these adhesions were freed the pyloric ring was 
found to be thick, scarred, and indurated. The 
stomach was distended and large. Posterior gastro- 
jejunostomy was therefore done. Following this the 
involved segment of terminal ileum was resected 
and continuity re-established by end-to-end anas- 
tomosis of the small bowel. The immediate post- 
operative course was satisfactory. She was ambula- 


Fig. 4. Case 1. Wall of ileum, to show cyst wall detail. 
Empty cyst lies above wall containing giant cells. X 250. 


tory the next day, the wound healed well and she 
tolerated a graduated gastric diet with ease. Bilateral 
ankle edema in the immediate postoperative period 
was associated with serum protein of 5.44 and soon 
began to recede after protein ingestion was in- 
creased. She was discharged on a smooth diet on 
the tenth postoperative day. 

The gross specimen of ileum (Fig. 2) measured 
approximately 25 centimeters, the bowel being 
twisted on itself and the loop adherent so that a 
hiatus in the underlying mesentery was present. The 
gas cysts persisted after fixation but collapsed 
promptly on pricking. A small 2 centimeter divertic- 
ulum was present in the bowel wall. 

Sections (Figs. 3 and 4) showed flattening and 
fragmentation of the mucosa. There was round cell 
infiltration of the lamina propria. The remainder 
of the layers showed spreading of bundles and strands 
of tissue with clear vacant spaces between. On the 
serosal surface strands and bundles of connective 
tissue surrounded large clear spaces. These were 
lined by layers of flat collagenous fibers with some 
flattened multinucleated cells in the walls of the 
cysts. Nests of multinucleated and large cells were 
present in the fibrotic subserosal areas near the 
cyst spaces. The wall of the diverticulum showed 
general loss of mucosal epithelium and a thin 
muscularis with edema. 

CasE 2. M.E.S., No. 183689, a 35 year old white 
male, was admitted to the Strong Memorial Hospital 
November 11, 1941, for recurrent phlebitis of both 
arms and legs. He had also had dull epigastric 
distress and pain for 9 months, had lost 12 to 15 
pounds in the previous 6 weeks and had very re- 
cently become jaundiced. Examination confirme: 
weight loss, icterus, and showed a palpable liver 
margin. Bilateral saphenous phlebitis was noted. 
Laboratory studies showed the icterus index t» 
range between 28 and 70. Anemia was present. 
hemoglobin never being greater than 9.8 grams pe’ 
cent and red cell count never more than 3.91 millio:: 
per cubic centimeter. There was achlorhydria eve: 
after histamine, and all specimens were guaia. 
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Fig. 5. Case 2. Left is drawing of serosal surface of small bowel with myriads of cysts in 
mesentery. Right is mucosal surface, central square only being completely represented. 


positive. Gastrointestinal series demonstrated a 
large filling defect of the lesser curvature of the 
stomach. Chest plate showed 2 densities of the 
right costophrenic sinus areas compatible with 
metastases. 

On November 20, 1941 laparotomy and biopsy 
were done under local anesthesia. Findings included 
a small amount of icteric free fluid, a hard infiltrat- 
ing 9 by 6 by 6 centimeter mass in the mid portion 
of the stomach, scattered metastatic tumor nodules 
in the liver, and numerous firm to hard glands along 
the course of the common bile duct. Pathologic re- 
port of the biopsy specimen from the mesenteric 
lymph node was metastatic adenocarcinoma. 

After operation the patient rallied for a few days 
but became weaker, and gradually moribund. He 
lapsed into coma and expired December 26, 1941, 
5 weeks postoperatively. 

Autopsy showed carcinoma of the stomach with 
metastases to the regional lymph nodes, gall bladder, 
liver, lungs, left adrenal, and retroperitoneal lymph 
nodes. There was direct extension of tumor from 
regional lymph nodes to the pancreas. The common 
and cystic bile ducts were obstructed by tumor and 
there was generalized jaundice. Bronchopneumonia 
of the left lower lobe and bilateral pulmonary 
embolism were found, with organizing pulmonary 
infarcts on the right. Both iliac veins and the vena 


cava were the site of organizing thrombosis. The 
abdomen contained 300 cubic centimeters of orange- 
yellow fluid. In the areolar tissue of the mesentery, 
omentum, and retroperitoneal areas, air deposits 
resulted in a foamy appearance of the tissues. 
Throughout the jejunum and all but the terminal 
parts of the ileum the small bowel had a marked 
foamy, emphysematous mucosal pattern. This was 
puffed up with myriads of large and small gas 
vesicles closely packed (Fig. 5). In the large bowel 


Fig. 6. Case 2. Bowel wall with a group of giant cells 
within a dense layer of fibrous tissue. Small round cells are 
present. A large cyst lies below. At upper left is a mucosal 
gland. X55. 
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similar changes were present but the vesicles at- 
tained a larger size and were more accurately 
termed bullae. The rectum and sigmoid were not 
involved. 

Sections through the areas of intestinal emphy- 
sema (Fig. 6) showed large empty cystic spaces 
lined by endothelium-like cells. These were scattered 
through the submucosa and serosa of the bowel. The 
mucosa was thin. The walls of the cysts were com- 
posed of thin layers of connective tissue. Here and 
there in addition to the flat cells lining the cysts 
there were flattened giant multinucleated cells. A 
group of these large multinucleated cells was present 
within fibrous tissue in the submucosa. There were 
only a few small cystic areas in the mucosa, most 
being in the submucosa and serosa. None were 
present in the muscularis. McCallum stain did not 
demonstrate bacteria. 


Both cases are similar to previously re- 
ported ones. There was ulceration and ob- 
struction of the alimentary tract, due to peptic 
ulcer in the first and to ulcerated gastric 
carcinoma in the second. Each patient was 
obviously malnourished. The finding of gas 
cysts was entirely unexpected. The first case 
showed inflammation of peritoneal surfaces 
with adhesions already present and the kinked 
bowel forming an open hiatus in the mesen- 
tery. Resection was done to prevent later 
obstruction since the entire area of cystic le- 
sions could be easily removed. In the second 


case there was no evidence of gas cysts at 
laparotomy. During the 5 week interim be- 
tween operation and death the cysts formed, 
and were found to be generalized. We did not 
find a previous report of a case which occurred 
in the immediate postoperative period. 


SUMMARY AND CONCLUSIONS 


Gas cysts of the intestines are a rare lesion, 
usually found at operation or autopsy in con- 
junction with gastrointestinal ulceration and 
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obstruction, most commonly due to peptic 
ulcer or gastric carcinoma with pyloric ob- 
struction. The process usually progresses 
from inflammation with foreign body reaction 
about the gas cysts to minor scarring of the 
bowel wall, although obstruction due to ad- 
hesions occurs occasionally. A bacterial or 
neoplastic etiology has been suggested but is 
improbable. It may be that gas is mechanical- 
ly forced from’ the gastrointestinal tract into 
the bowel wall and adjacent tissue through 
lymphatics. A strikingly similar lesion occurs 
in pigs with a dietary deficiency. This has 
been reproduced experimentally by veterinar- 
ians. Since in cases of humans the patients 
are malnourished it appears probable that a 
deficiency state is rélated to the development 
of the cysts. 

Treatment is based on the individual find- 
ings and estimation of the possibility of later 
intestinal obstruction, resection of bowel at 
times being necessary. 


REFERENCES 


. Banc. Nord. med. Ark., 1876, 8: 18 (cited in 6). 

. Brester, H. E., EvELEtH, D. F., and YAMASHIRO, Y. 
J. Am. Vet. M. Ass., 1936, 41: 714. 

. Botsrorp, T. W., anv KRAKOWER, C. J. Pediat., S. 
Louis, 1938, 13: 185. 

. Eveceta, D. F., and Brester, H. E. Am. J. Hyg., 
1938, 27: 364. 

. Finney, J. M. T. J. Am. M. Ass., 1908, 51: 1291. 

. Gazin, A. I., BROOKE, W. S., LERNER, H. H., and 
Price, P. B. Am. J. Surg., 1949, 77: 563. 

. Jackson, J. A. Surg. Gyn. Obst., 1940, 71: 675. 

. LERNER, H. H., and Gazin, A. I. Am. J. Roentg., 

1946, 56: 464. 

. Mitts, H. W. Surg. Gyn. Obst., 1925, 40: 387. 

. Moore, R. Am. J. Dis. Child., 1929, 38: 818. 

. NAEsLunp,J. Zur Kenntnis der Pneumatosis Cystoides 
Intestinorum. Stockholm: I. Marcus, 1924. 

. SILVERSTONE, J. S. Lancet, Lond., 1928, 1: 129. 

. SLoaNn, H. G. Surg. Gyn. Ost., 1920, 30: 389. 

. Tune, P. C., and Neat, S. K. Chin. M. J., 1933, 47: I. 

. Turnureg, P. R. Ann. Surg., 1913, 57: 811. 


2 

3 

4 

5 

6 

7 

I 

12 

13 

I 

2 15 


HE purpose of this paper is to report 
an investigation of the ‘false posi- 
tive” vaginal smears encountered in 
the Vincent Memorial Hospital Lab- 
oratory since 1943. The Laboratory has of- 
fered the vaginal smear as an adjunct in the 
diagnosis of uterine carcinoma throughout this 
period. Previous papers have described the 
details of the method, the criteria for diag- 
nosis and the accuracy of results. Throughout 
the entire period of operation, every attempt 
has been made to determine the validity of 
all positive smears. In most instances, posi- 
tive reports have been substantiated promptly 
by histopathological study. However, in a 
certain number of cases, biopsy, curettage, 
clinical follow-up, and, in a few cases, even 
hysterectomy have not confirmed positive 
smears. These smears have been listed as 
‘false positives” although it has always been 
realized that a certain number of these patients 
might harbor a very small carcinoma which 
could be missed by routine pathologic exami- 
nation. 

The false positives encountered in this lab- 
oratory from 1943 to 1945 have been reported 
previously (1). Up to 1945, 1,015 smears had 
been examined, and 163 had been reported to 
show the presence of carcinoma cells. Of the 
163 positive reports, 25 were not confirmed 
and were classified as “false positives.”’ Re- 
view of these smears at that time showed that 
18 of the 25 were obviously true errors based 
upon misinterpretation of histiocytes, endo- 
metrial or aberrant basal cells present in the 
smears. The 7 remaining smears were still 
considered positive from the cytological stand- 
point, and the discrepancy with the clinical or 
pathological findings or both remained unex- 
plained. The presence of very small tumors 
could not be ruled out in these 7 cases, and this 
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possibility remained an unknown variable in 
the evaluation of the accuracy of the smear 
technique. Consequently, a special project 
was undertaken to study carefully a limited 
number of cases in which the vaginal smear 
was positive, but pelvic examination, cervical 
biopsy, or curettage had failed to reveal any 
evidence of tumor. In a period of 18 months, 
there were 8 cases in this category. Total 
hysterectomies were performed, and the 8 uteri 
were carefully examined as described later. 

The first portion of this paper is a report of 
the findings in the 8 cases which comprised 
the special study group. This is followed by a 
review of all of the “false positive’? smears 
encountered since 1943, including those previ- 
ously reported. 


THE SPECIAL STUDY GROUP 


Eight uteri were available for the special 
study. In all 8 cases, vaginal smears had been 
positive and were reported as follows: 4 cases 
positive and consistent with squamous car- 
cinoma; 3 cases positive and consistent with 
adenocarcinoma; 1 case positive with undif- 
ferentiated malignant cells present. The posi- 
tive smears were not confirmed by pelvic ex- 
amination, cervical biopsy, or curettage. None 
of the uteri showed any recognizable malig- 
nant tumor when they were opened after 
operation. 

Preliminary pathological examination con- 
sisted of selection of several blocks from areas 
most likely to show tumor as indicated by the 
type of cells seen in the smears. Single slides 
were made from these blocks. When no tumor 
was found, the myometrium was shaved 
down, and blocks were made to include the 
entire endometrium and cervical epithelium. 
Sinzle slides were made from each block. When 
no tumor was found, the blocks were sectioned 
serially and examined microscopically. 

Four of the 8 uteri submitted to special 
study revealed squamous carcinoma in situ of 
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Fig. 1. Case 1. Section of endocervix, illustrating 
atypical pattern of — Note large hyperchromatic 
nucleus at upper right. 


the cervix. In 2 of these, the carcinoma was 
present in several blocks, but might well have 
been missed by routine examination since 
there was no gross lesion to indicate which 
portion of the cervix should have been sec- 
tioned. In the 2 others, the carcinomatous 
areas were very small, and the odds would be 
very great against finding them by routine ex- 
amination. In 1 case the entire cervix was 
sectioned serially, and the tumor was found on 
only 21 slides, each cut at 6u. In another, 
small areas of tumor were found on only two 
blocks, each measuring 4 millimeters in thick- 
ness. On the other hand, all 4 tumors were 
discovered by preparing single slides from 
multiple blocks of the cervices. The blocks 
averaged approximately 4 millimeters in 
thickness, and the sections were cut at 6n. 
The other 4 uteri revealed no lesion which 
could be diagnosed as carcinoma. In 3 of 
these, the entire uterus was sectioned serially. 
One uterus had been thoroughly curetted, and 
the examination was limited to single slides 
which were taken from blocks of the entire 
specimen and of the serial sections of the 
curettings. 


A brief summary of the cases is given below: 


Case 1. W.B. This 33 year old quadripara com- 
plained of vaginal spotting a few days after her men- 
strual periods for the past 5 years, and postcoital 
spotting for the past 3 months. Speculum examina- 
tion revealed a severely eroded cervix which bled 
easily upon manipulation. Two vaginal smears were 
reported as doubtful, 2 were reported positive, and 
2 cervical biopsies were reported as chronic endocer- 
vicitis. The abnormal cells were not sufficiently dif- 
ferentiated to suggest origin from squamous or 
columnar epithelium. Complete hysterectomy was 
performed on December 10, 1946. The tubes and 
ovaries were not removed. 

Gross examination revealed only a severely eroded 
cervix. The myometrium was shaved down, and 
blocks were made of the entire cervix and endo- 
metrium. A single section was made from each block 
and examined. When no evidence of tumor was 
found, each block was sectioned serially. Examina- 
tion of 1,538 slides revealed noevidence of carcinoma. 
Final diagnosis was chronic endocervicitis, severe, 
with erosion and areas of squamous metaplasia. 


The sections were examined in an attempt 
to locate the origin of the atypical cells seen 
in the smears. It appeared that they were 
sloughed from the endocervix. In many areas, 
the endocervical cells showed a reduced amount 
of deeply staining cytoplasm and enlarged, 
hyperchromatic nuclei (Fig. 1). These changes 
were apparently associated with the inflam- 
matory lesion and, histologically, did not sug- 
gest malignancy. The smears were reviewed, 
and the abnormal endocervical cells found in 
the smear (Fig. 2). The nuclei are quite 
hyperchromatic and vary in size. In a group 
such as this, the normal columnar pattern of 
the cells can be identified. However, when the 
cells become separate and lose their cytoplasm 
until only a thin rim is remaining, they appear 
very suspicious. It is important to note that 
these suspicious cells appeared singly and 
never in clumps which is extremely rare in 
positive smears showing true undifferentiated 
cells. 


CasE 2. D.C. This 39 year old secundipara com- 
plained of prolonged and profuse menstrual periods 
for the past 8 months. Periods were regular but 
lasted up to 3 weeks. Clots and occasional gushes of 
blood were noted. Pelvic examination revealed 
nothing remarkable. A cervical biopsy showed 
chronic endocervicitis. Two vaginal smears were 
reported positive. The abnormal cells were not suf. 
ficiently differentiated to be certain whether they 
originated from squamous or columnar epithelium, 
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but they were thought to be endometrial in origin. 
The uterus was removed on November 11, 1946. 
The tubes and ovaries were not removed since the 
opened uterus showed no macroscopic evidence of 
tumor. 

Gross pathological examination revealed moderate 
erosion of the cervix and a red, thick endometrium. 
When single sections from each block showed no 
tumor, serial sections were cut and examined. One 
thousand and one slides failed to show evidence of 
carcinoma. There was moderate chronic endocer- 
vicitis with some squamous metaplasia. There were 
two small areas of leucoplakia, but the cells in these 
areas did not suggest carcinoma. Final diagnosis was 
chronic endocervicitis with squamous metaplasia, 
leucoplakia, and secretory endometrium. 


On review of the vaginal smear, atypical 
endocervical cells were again found. In this 
case a false positive diagnosis had been made 
on cells which varied tremendously in size but 
not in shape. The cytoplasmic borders were 
not preserved, and, since the variation was ex- 
treme, they were interpreted erroneously as 
undifferentiated malignant cells. This case in- 
dicates how important increase in chromatin 
content is as a diagnostic point since, though 
the nuclear size varied a great deal, the chro- 
matin was finely granular and not clumped as 
in true malignant cells. 


CasE 3. A.F. This goyear old nonipara complained 
of irregular, prolonged, and profuse periods for the 
past 16 months. She had one dilatation and curet- 
tage in April, 1946. The pathological report was 
hyperplasia of the endometrium. Subsequently, a 
vaginal smear was reported positive. The cells were 
considered consistent with adenocarcinoma. She 
continued to bleed and required several transfusions. 
Finally, she was admitted again in November, 1946. 
A second curettage showed no gross evidence of 
carcinoma, and complete hysterectomy was per- 
formed in order to prevent further bleeding. 

Gross pathological examination revealed a slightly 
enlarged uterus. The endometrium had been thor- 
oughly curetted. Blocks were made of the curettings, 
the cervix and the entire endometrial surface. Single 
sections made from each block revealed no tumor. 
The curettings were serial sectioned and provided a 
total of 55 slides. Some glands showed secretory 
changes, others were hyperplastic and proliferative. 
Still others showed marked squamous metaplasia, 
and the squamous cells were somewhat anaplastic. 
On the whole the endometrium was regarded as ex- 
tremely atypical but did not permit a diagnosis of 
carcinoma. It was not difficult to understand why 
the smear was interpreted as positive. 


_ The cells which were interpreted as positive 
in the smears on this patient are still regarded 
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Fig. 2. Case 1. Vaginal smear. The endocervical cells 
have tails of cytoplasm, and chromatin arrangement varies 
little from one cell to another even though chromatin 
appears increased. 


as positive and consistent with adenocar- 
cinoma. It is impossible to see any differential 
point to distinguish them as benign. The 
nuclei are extremely hyperchromatic, show 
great variation in both size and shape, and 
there are no cellular borders. The cells oc- 
curred in tight groups, and the slight amount 
of cytoplasm was vacuolated. Such criteria as 
these indicate a positive diagnosis and the 
origin of a carcinoma from columnar epithe- 
lium. This case illustrates clearly that oc- 
casionally an atypical hyperplastic endome- 
trium desquamates cells which are impossible 
to identify as benign cytologically. 


Case 4. P.B. This 44 year old tripara complained 
of irregular periods and hot flashes for 3 or 4 years. 
She had taken 5 to 10 milligrams of stilbesterol at 
intervals for relief of the hot flashes, but was said 
not to have taken such medication for 6 months 
prior to admission. Six weeks before entry, she had 
a prolonged, profuse period which ceased after 5 in- 
jections of progesterone. Pelvic examination was not 
remarkable. Two vaginal smears were reported 
positive and consistent with adenocarcinoma. The 
uterus, tubes, and ovaries were removed on May 5, 
1947. 
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om. 
Fig. 3. Case 6. Low power: Squamous carcinoma in situ 
filling a gland. 


Gross pathological examination revealed a slightly 
eroded cervix and a very thin, smooth, pale, glisten- 
ing endometrium. There was a small, slightly raised, 
firm nodule in the fundus which proved to be a 
small adenomyoma. Serial sections totalling 1,036 
slides revealed no evidence of malignancy. The 
glands were quite tortuous in spite of the thinness of 
the endometrium. Many showed marked pseudo- 
stratification of the columnar lining cells. Some 
glands were dilated. Mitotic figures were present in 
small numbers. The picture was that of moderate 
hyperplasia and did not suggest carcinoma. 


Review of the smears on Case 4 revealed 
cells which are still regarded as positive and 
consistent with adenocarcinoma. There are 
groups of cells with vacuolated cytoplasm and 
leucocytes in the vacuoles. The nuclei are 
hyperchromatic and vary in both size and 
shape. This case indicates the importance of a 
history before a positive diagnosis is made 
when the origin of the carcinoma is suspected 
to be from columnar epithelium. The smears 
which were called positive were taken during 
the time the patient was on progesterone 
therapy. Two other patients who had false 
positive smears (but were not in the special 
study group) were having hormone therapy at 
the time the smears were taken. It is very 


Fig. 4. Case 6. High power view of squamous carcinoma 
in situ shown in Figure 3. 


important that the cytologist interpreting the 
smears has information about any hormone 
therapy given the patient if this type of false 
positive report is to be avoided. 


CasE 5. W.K. This 38 year old quadripara had, 
as a presenting symptom, an increase in the length 
of menstrual flow. On physical examination, cervix 
was large and hypertrophied with exposure of endo- 
cervix. There was a small area of leucoplakia on 
posterior lip. An attempt to obtain a biopsy from 
the area of leucoplakia was unsuccessful. Vaginal 
smear was positive and consistent with squamous 
carcinoma of the cervix. A total hysterectomy was 
performed on December 4, 1946. 

Gross pathological examination revealed no ob- 
vious lesion in the uterus. The cervix was very slight- 
ly roughened on the posterior lip but looked more 
normal than the great majority of cervices received 
for histological examination. The cervix was cul 
into several blocks, and single sections were mad 
from each block. Obvious squamous carcinoma i! 
situ was present in almost every block, so it may 
assumed that the lesion was almost circumferential, 
most evident at the squamocolumnar junction. It ex 
tended into many glands but not the stroma. Fina! 
diagnosis was squamous carcinoma in situ of cervix. 

Vaginal smear showed groups of undifferentiate«. 
carcinoma cells with several groups of differentiate: 
malignant cells, typical of squamous carcinoma. 

CasE 6. H.V. This 49 year old tripara had post 
menopausal arthritis which was treated with pre 
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marin 1.25 milligrams daily for approximately 3 
months when she noticed vaginal spotting. This con- 
tinued for 1 month. Pelvic examination was not 
remarkable. In December, 1946, curettage failed to 
obtain an adequate specimen for diagnosis; cervical 
biopsy showed chronic endocervicitis. Vaginal 
smears were reported positive and consistent with 
squamous carcinoma. The situation was explained 
to the patient, and it was agreed that hysterectomy 
be performed. The uterus was removed on February 
2, 1947. 

‘Gove pathological examination revealed a very 
mildly eroded cervix and a thin, flat, pale endome- 
trium. The cervix was cut into blocks and single 
sections made from each block. One of these showed 
a small area of squamous carcinoma in situ partially 
filling a gland (Figs. 3 and 4). The blocks were then 
completely sectioned serially. The carcinoma was 
found on only 7 of 354 slides. Each slide mounted 3 
sections. Final diagnosis was squamous carcinoma 
in situ of the cervix. 

The vaginal smear showed a moderate number of 
well differentiated malignant cells which were con- 
sistent with a diagnosis of squamous carcinoma 
(Fig. 5). They all had hyperchromatic, irregular, 
large nuclei, and the cytoplasmic nuclear ratio was 
abnormal. 

CasE 7. P.F. This 46 year old secundipara had no 
symptoms. A routine physical examination revealed 
a badly eroded cervix with an area of leucoplakia. 
Cervical biopsy was reported as leucoplakia without 
evidence of carcinoma. Two vaginal smears were 
reported positive and consistent with epidermoid 
carcinoma. Hysterectomy and bilateral salpingo- 
oophorectomy were performed on March 14, 1947. 

Gross pathological examination revealed a severely 
eroded cervix. There was a finely granular ulcer 
completely surrounding the external os. There were 
a few small, white, raised plaques in the ulcerated 
area on the posterior lip. Several sections made from 
blocks of the cervix showed leucoplakia and squamous 
carcinoma in situ which filled many glands but did 
not invade the stroma. Final diagnosis was squa- 
mous carcinoma in situ of the cervix. 

The vaginal smears had many carcinoma cells. 
There were both undifferentiated and the differenti- 
ated malignant cells of squamous carcinoma present. 

CasE 8. M.P. This 46 year old quadripara com- 
plained of a “falling down” sensation associated 
with bowel movements for approximately 3 months. 
She had missed two menstrual periods and had oc- 
casional headaches and hot flashes. Prior to this, 
her periods had always been regular, and there had 
been no intermenstrual bleeding. Pelvic examination 
revealed a marked cystocele and rectocele. The 
cervix was slightly eroded anteriorly. Routine va- 
ginal smears were reported positive and consistent 
with squamous carcinoma. Biopsy report was 
equivocal and suggested either carcinoma in situ 
or atypical squamous metaplasia. Complete hys- 
terectomy and bilateral salpingo-oophorectomy were 
performed on October 22, 1947. 


“FALSE POSITIVE” VAGINAL SMEARS 


Fig. 5. Case 6. Vaginal smear. Two differentiated 
malignant cells with irregular hyperchromatic nuclei and 
disturbance of cytoplasmic nuclear ratio. 


Gross pathological examination revealed a se- 
verely eroded cervix and no other significant lesion. 
Microscopic examination revealed a small area of 
squamous carcinoma in situ at the squamocolumnar 
junction. Tumor was present in sections from 2 
blocks (Fig. 6). Several other blocks were negative. 
Final diagnosis was squamous carcinoma in situ of 
the cervix. 

The positive vaginal smears on this case had many 
groups of undifferentiated malignant cells and oc- 
casional differentiated malignant cells of squamous 
carcinoma. 


In summarizing the results in these 8 cases, 
4 were proved to be “‘true’’ positives, 4 were 
“false” positives. Of the false positives, re- 
view of the vaginal smears indicated that 2 
were actual misinterpretation of atypical 
endocervical cells as malignant. The remain- 
ing 2 were still considered as positive, and both 
were from cases of hyperplasia of the endo- 
metrium. 

It was noted that the 7 of the 8 cases in the 
special study group fell into two subgroups. 
One subgroup (Cases 2, 3, and 4) had shown 
smears thought to be consistent with adeno- 
carcinoma, but serial sections failed to disclose 
a cancer. The other subgroup (Cases 5, 6, 7, 
and 8) had shown smears considered consist- 
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Fig. 6. Case 8. Squamous carcinoma in situ at squamo- 
columnar junction. 


ent with squamous carcinoma, and all even- 
tually proved to have a squamous carcinoma 
in situ of the cervix. Obviously a group of 8 
cases is far too small to permit definite con- 
clusions, but the results do suggest that the 
smears consistent with squamous carcinoma 
are more reliable than those thought to be 
consistent with fairly well differentiated adeno- 
carcinoma. The fact that one-half of the cases 
in the special study group proved to harbor a 
small carcinoma does not imply that 50 per 
cent of all of our “false positive” smears may 
be explained on the same basis. Most of the 
false positives, as explained later, were true 
errors. The fact that half of the special study 
group were proved not to be errors can prob- 
ably be explained by increased accuracy in 
interpretation of smears as a result of greater 
experience with the method. The incidence of 
false positive smears has shown a progressive 
drop, particularly in the past 2 years. 


REVIEW OF OTHER FALSE POSITIVE SMEARS 


There have been 70 positives in 7,544 nega- 
tive cases. This is a false positive error of 
0.9 per cent. It is calculated on cases rather 
than on smears and on the initial smear in 


each instance. If calculated per smear, it 
would be much lower. These 70 false positives 
include the 4 in the special study group. The 
majority of this group have had adequate 
biopsies and studies to rule out malignancy. 
In interpreting vaginal smears, certain cri- 
teria for individual cells have been developed. 
These criteria are based on general character- 
istics of well preserved cells. Unfortunately, a 
good number of the cells in vaginal smears are 
not always in a well preserved state. Factors 
of degeneration and infection may change the 
cells considerably. It is these atypical normal 
cells which cause difficulty in interpretation. 
It will perhaps be helpful to state our 
criteria for the malignant cells and then to 
review our errors as to why the vast majority 
of them are now considered to be misinterpre- 
tation of atypical normal cells as malignant. 
Malignant cells from squamous carcinoma 
of the cervix comprise two groups, undifferen- 
tiated and differentiated. The undifferenti- 
ated cells have four distinguishing characteris- 
tics: hyperchromatic nuclei, the chromatin 
being in heavy clumps and irregularly ar- 
ranged; sharp nuclear borders, as if part of 
the chromatin were condensed at the periphery 
of the nucleus; cellular borders are absent, 
only fragments of cytoplasm being present; 
and there is great variation in both size and 
shape of the nuclei. These cells are the most 
common type of malignant cell. The charac- 
teristic which distinguishes the differentiated 
cell from the undifferentiated cell is the pres- 
ence of cytoplasm and a cellular border. The 
first type of differentiated cell is the fiber cell. 
These cells are thin and elongated. Cytoplasm 
is present but abnormally distributed. The 
nucleus is also elongated and retains the same 
characteristics as the undifferentiated malig- 
nant nucleus. The second type of differenti- 
ated cell is the tadpole cell. As the name im- 
plies, it has a rounded end which contains the 
nucleus and a long tail of cytoplasm. These 
cells may often be multinucleated. The 
nucleus still is identified as malignant by the 
same criteria as for the undifferentiated cell. 
A third type of differentiated cell is a round 
cell with a fairly sharp cellular border. The 
nucleus is hyperchromatic, has clumps o! 
chromatin arranged irregularly, and a sharp 
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nuclear border. It often appears wrinkled. 
The cytoplasmic-nuclear ratio is abnormal. 
The cytoplasm is not adequate for the size 
of the cell. It is, of course, impossible to 
identify the type of tumor if only undifferen- 
tiated cells are present, but if any of the three 
types of differentiated cells are seen, it may 
be assumed that the tumor is a squamous 
carcinoma. 

The undifferentiated malignant cells from 
adenocarcinoma are similar to those seen in 
squamous carcinoma with the exceptions that 
they do not vary as much in shape, and the 
groups are often tightly clumped. The dif- 
ferentiated cells of adenocarcinoma have hy- 
perchromatic nuclei which are eccentric in 
position. The cytoplasm appears irregular 
and occasionally is vacuolated. Cellular bor- 
ders are present but not sharply defined. 
Groups of these differentiated malignant cells 
exhibiting marked vacuolization of the cyto- 
plasm are considered to be consistent with 
adenocarcinoma. 

Of the 70 errors, g were on the basis of mis- 
interpretation of basal cells, 11 of atypical 
histiocytes, 4 of active endometrial cells, and 
38, or the greatest majority, of atypical 
endocervical cells. Eight are still regarded as 
“true positives.” Of these, 3 are thought to be 
consistent with squamous carcinoma, 5 con- 
sistent with adenocarcinoma. 

During the past 3 years at the Vincent 
Laboratory, 4 mistakes have been made on 
the basis of misinterpretation of basal cells. 
All of these slides have trichomonas present 
in the smears. Bizarre changes in the cells of 
the basal layer of the squamous epithelium 
accompany trichomonas infestation. The ba- 
sal cells often lose their round definite cellular 
borders. The nuclei appear in a background of 
cytoplasm. Frequently, the chromatin of the 
nuclei appears very active, i.e., it is no longer 
finely granular, but appears in clumps. With 
care, these cells can be interpreted as benign 
because they are evenly spaced in the back- 
ground of cytoplasm, and their chromatin 
content does not vary from nucleus to nucleus 
and is not concentrated at the periphery. 
The previous 5 errors were made during the 
beginning period when groups of basal cells 
with deep staining degenerate nuclei were mis- 
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interpreted. This type of group can be easily 
identified as benign since their nuclei are 
pyknotic, and cellular borders are present. In 
general, in groups of cells absence of cellular 
borders does not necessarily indicate malig- 
nancy since it may be due to degeneration, 
but presence of well-defined borders is a very 
strong point in favor of their being benign. 

During the past 2 years no errors have been 
made on cells which subsequently were inter- 
preted as histiocytes. The 11 errors in this 
group fall into three different types: First, 
large groups of degenerate histiocytes, with 
absent cellular borders, variations in shape and 
size of deep-staining nuclei. These groups can 
be interpreted as benign because, as in de- 
generate basals, the deep-staining of the 
nuclei is due to pyknosis rather than increase 
in chromatin. The nuclei are much smaller 
than those of undifferentiated malignant cells. 
Second, single histiocytes with inadequate 
amount of cytoplasm were misinterpreted as 
undifferentiated cancer cells. This can again 
be avoided if attention is paid to the chromatin 
content of such cells. It is granular, having 
small clumps of chromatin instead of the coarse 
clumps seen in malignant cells. Another help- 
ful point is that this type of cell occurs singly, 
not in groups, which is unusual in the case of 
undifferentiated malignant cells. The third 
group of errors were made by misinterpreta- 
tion of foreign body giant cells as malignant. 
In these instances the nuclei had lost their 
borders, and the many small histiocytic nuclei 
appeared as one tremendous nucleus. How- 
ever, the chromatin in such degenerate cells is 
very finely granular, which distinguishes it 
from a large malignant cell. Therefore, if 
great care is taken in observing chromatin ar- 
rangement of the nucleus, this type of error 
described should be avoided. 

Benign endometrial cells were mistaken for 
malignant cells in 4 instances because of 
marked variation in size. The variation was 
much more marked than usual, being three to 
four times in some instances. The nuclei were 
granular with fine clumps of chromatin. How- 
ever, the nuclei varied in size, not in shape. 
Here only the size variation was suggestive of 
malignancy. Though the nuclei appeared 
somewhat active, the chromatin was not in- 
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TABLE I 


Number of 
positive reports 
confirmed 


Number of 
cases reported 


Number of 
Positive reports 


354 


971 


1037 


1370 
1883 


2518 


8133 


Number of 
positive reports] 
not confirmed 


Percentage 
of unconfirmed 
positive reports 


16.0 


13.6 


15.7 


17.4 
5.8 


1.2 


Total 70 


creased in amount as in the undifferentiated 
malignant cells. 

The greatest number of errors were made on 
the misinterpretation of endocervical cells. 
The cytoplasm of the endocervical cells de- 
generates very rapidly. Even when smears 
are taken from fresh specimens of tissue, often 
the endocervical cells appear as free nuclei. As 
a general rule, marked evidence of cytoplasmic 
degeneration such as entire loss of cytoplasm 
is apt to occur in columnar cells while squa- 
mous cells show marked degeneration in the 
nucleus, i.e., pyknosis, karyorrhexis. We have 
interpreted the columnar cells in this group of 
smears as endocervical rather than endome- 
trial largely because of their size. The cells 
appear three to four times larger than endo- 
metrial cells. 

The cells which were misinterpreted were in 
most instances columnar cells in which the 
cytoplasm had degenerated. The size varia- 
tion of the free nuclei may at times be tremen- 
dous. We have seen size variation as great as 
ten times. The nuclei in the cell may be quite 
active, especially in cases of severe chronic 
endocervicitis. The chromatin may be in quite 
heavy clumps. Obviously these cells almost 
fulfill the criteria for undifferentiated malig- 


nant cells. Differentiation may be made on 
the fact that, in comparing one cell to 
another, there is hardly any variation either 
in shape or in chromatin content. The chro- 
matin is not concentrated at the periphery of 
the nucleus. It is very helpful if the cells re- 
tain any cytoplasm, since the nuclei will be 
placed eccentrically, and the cells can be more 
easily identified as columnar. 

These cells we regard as the most difficult 
normal cells to differentiate from cancer cells. 
They have accounted for the majority of our 
“false positives,” and we have found they 
have been misinterpreted in slides sent us for 
consultation. 

The smears on 8 cases which we still con- 
sider to be “true positives” fulfill the criteria 
for malignant cells. Three of these are con- 
sistent with squamous carcinoma, 5 consistent 
with adenocarcinoma. These cases represent 
in our opinion the small percentage in which 
the cytological differentiation of malignant or 
benign cells is probably impossible at the 
present state of knowledge. 

Obviously, this brief résumé of our errors 
can only serve as a hint as to why such errors 
are made. Long experience with the cytolog- 
ical method cuts the false positive figure to a 
minimum. Smears which we thought were 
surely positive 3 years ago are now interpreted 
as benign. It may be that with more experi- 
ence even the 8 cases which are still consid- 
ered positive will be shown to be actual misin- 
terpretation. The cytological method is new. 
As in any method, there are certain pitfalls 
which are overcome only by experience. We 
hope that this evaluation of our mistakes may 
aid others in avoiding the same errors. 

As mentioned before, the 25 false positive 
smears encountered in the Vincent Laboratory 
up to 1945 had been reported previously. 
Since then, an additional 45 cases have been 
so classified. These include the 4 cases which 
were “false positives” in the special study 
group. These 70 false positives were encoun- 
tered in the course of examination of 8,13: 
cases. This same group provided 507 other 
positive reports which were definitely con- 
firmed. It should be noted that the proportion 
of “false positive” smears has dropped con 
siderably (Table I) in the past 2 years. 
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The drop in the incidence of false positive 
reports is undoubtedly due to increased ex- 
perience with the method and recognition of 
the fact that some cells, formerly thought to 
be carcinoma, are actually the result of inflam- 
mation, hyperplasia, or atrophy. This reduc- 
tion in the incidence of false positives has not 
been accompanied by any significant change 
in the number of false negative smears. 

Sixty-two of the 70 false positives, after 
careful review, have been shown to be misin- 
ierpretation of noncancerous cells such as 
histiocytes, aberrant basals, or endocervical 
cells. They are true errors and should have 
been reported as negative. However, there is 
a group of 8 cases in which the smears still 
meet the criteria accepted in the Vincent 
Laboratory for the diagnosis of carcinoma. Of 
these, 5 are thought to be consistent with fair- 
ly well differentiated adenocarcinoma, and 3 
with squamous carcinoma. This fact, together 
with the results of the special study group, has 
tended to increase our confidence in the smears 
considered consistent with epidermoid car- 
cinoma. At the same time we have come to 
believe that there is a greater chance for error 
in the interpretation of certain borderline 
smears thought to be compatible with fairly 
well differentiated adenocarcinoma. 


DISCUSSION 


The accuracy of vaginal smears in the diag- 
nosis of carcinoma of the cervix and endo- 


metrium has been the subject of widespread - 


debate, and not infrequently the procedure 
has been condemned unjustly because certain 
patients with a malignant lesion show con- 
sistently negative smears, and others, with no 
apparent tumor, may be reported positive. 
The false positive reports have been the target 
of heaviest criticism. Most of this criticism 
has little justification. A high incidence of 
false positive reports is a condemnation of the 
technique and laboratory which reads the 
smears. It is not an indictment of the method 
itself. On the other hand, the method is not 
foolproof. Inflammation and hyperplasia may 
result in atypicality of cells which is difficult 
or impossible to differentiate from neoplasia, 
and this is particularly true of cells sloughed 
from the endometrium. The same difficulty is 
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encountered, not infrequently, in the inter- 
pretation of paraffin sections made from re- 
sected lesions even though such slides show the 
histological pattern as well as the cytological 
changes. Most pathologists will agree that 
endometrial lesions are more difficult to inter- 
pret than those from the cervix. 

The accuracy of vaginal smear reports may 
be appraised as are the serological tests for 
syphilis. The best and most widely used 
serological tests fail to detect approximately 
15 per cent of the cases beyond the secondary 
stage. At the same time they also show a 
small number of false positives. If the serolog- 
ical test is altered to increase the sensitivity, 
the incidence of false positives also rises. A 
somewhat analagous situation holds for the 
vaginal smear method. In the entire series 
performed at the laboratory of the Vincent 
Memorial Hospital, 89.5 per cent of the cer- 
vical carcinomas and 74.5 per cent of the 
endometrial carcinomas have been correctly 
diagnosed. Out of 8,133 cases, 70 have been 
unconfirmed and are listed as false positives. 
Some of the false negative smears contained 
atypical cells, but they were not considered 
sufficiently characteristic to warrant a diag- 
nosis of carcinoma. If the criteria for the 
diagnosis of malignancy were relaxed, the in- 
cidence of false negatives would drop; the test 
would become more sensitive. However, the 
rate of false positives would undoubtedly rise; 
the test would be less specific. 

It is almost certain that the vaginal smear 
method can never be made trooper cent specific; 
it will always miss some carcinomas. Further- 
more, it may be that it is impossible to avoid a 
small number of false positive reports. If 
these assumptions are accepted, it does not 
mean that the method should be discarded 
any more than the serological tests for syphilis 
should be discarded. The vaginal smear is 
only an adjunct to diagnosis. It can be a very 
valuable tool, but, like all other laboratory 
tests, it does not relieve the physician of the 
necessity of exercising sound clinical judg- 
ment and using other confirmatory procedures. 

None of the papers from this laboratory 
have ever advised substitution of the vaginal 
smear for pelvic examination and biopsy; nor 
has it ever been advised to perform hysterec- 
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tomy or to administer radiation on the basis of 
smears alone. Smears are unnecessary when 
pelvic examination reveals an obvious car- 
cinoma. Neither are they necessary when the 
site for biopsy is apparent. The greatest value 
of the vaginal smear is the detection of car- 
cinoma in those patients in whom the clinical 
findings do not warrant curettage or cervical 
biopsy. It offers an opportunity for the de- 
tection of carcinoma in its very early stages; 
the period in which there is the greatest op- 
portunity for complete cure. It is also very 
useful in those patients whose history suggests 
the possibility of carcinoma, but who show 
negative biopsy findings. It is particularly 
useful in detection of carcinoma of the cervix 
where, unlike the endometrium, only a small 
section is ordinarily submitted for patholog- 
ical examination. In any case, a positive smear 
is not a green light for radical treatment; it is 
an imperative warning that the physician 
must make every effort to locate a carcinoma. 
If this fails, the patient must be carefully 
watched for subsequent signs or symptoms. 

It appears that the investigation reported in 
this paper has helped to explain the discrep- 
ancy between the smear reports and the ulti- 
mate diagnosis in the 70 “‘false positive’’ cases 
encountered in the Vincent Memorial Labor- 
atory. Most of these were true errors based 
upon misinterpretation of histiocytes, aber- 
rant basal cells, or endocervical cells rendered 
atypical by inflammatory processes. With ex- 
perience these cells can be accurately identi- 
fied. Careful study of well stained smears 
should make it possible to differentiate them 
from carcinoma cells and thus reduce the in- 
cidence of “false positive’ reports to a very 
low figure. 

The study has also suggested that certain 
groups of endometrial cells which are only 
moderately atypical may be a source of error. 
In some instances it may be impossible to be 
certain whether they are sloughed from a 
fairly well differentiated adenocarcinoma or 
from a hyperplastic endometrium. 
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SUMMARY 

1. The uteri from 8 patients who had shown 
positive vaginal smears unconfirmed by clin- 
ical and biopsy findings were submitted to 
special study. 

2. None of the uteri showed any evidence of 
gross tumor when opened after operation. 

3. Four of the uteri eventually proved to 
harbor a squamous carcinoma in situ of the 
cervix. Smears from these patients had been 
reported positive and “consistent with squa- 
mous carcinoma.” 

4. Four of the uteri failed to reveal any 
lesion which could be diagnosed as carcinoma. 
Three of these were completely sectioned 
serially. Smears from 3 of these patients had 
been considered positive and “consistent with 
adenocarcinoma.” The cells in the smears on 
I patient were not sufficiently well differen- 
tiated to suggest the type of epithelium from 
which they were derived. 

5. The slides on the 70 “false positive” 
smears encountered in the Vincent Memorial 
Laboratory since 1943 were reviewed. In 62 
of these, the positive report had been rendered 
on the basis of the presence of cells previously 
thought to be carcinoma, but now recognized 
as histiocytes, basal cells, or endocervical cells. 
In the 8 other cases, the smears still meet the 
criteria for the diagnosis of malignancy as used 
in the Vincent Laboratory. 

6. Of the 8 smears which are still thought to 
be positive even though unconfirmed, 5 are 
considered consistent with fairly well differen- 
tiated adenocarcinoma. 

7. It appears that the smear diagnosis of 
adenocarcinoma has certain limitations. 

8. The incidence of error in smears which are 
reported positive and consistent with squa- 
mous carcinoma is extremely low. 

g. Appraisal of the clinical value of vaginal 
smears is discussed briefly. 
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OSTOPERATIVE anal stenosis does 

not appear to occur as rarely as the 

paucity of reports in the literature 

seems to suggest, and thus, a discussion 
of this distressing lesion and the description of 
an effective plastic surgical procedure is deem- 
ed timely and appropriate. 


MATERIAL 


This paper is based on the study of. 36 pa- 
tients with symptomatic postoperative anal 
stenosis who were observed and treated in 
civilian and military practice; asymptomatic 
individuals are not considered in this discus- 
sion. Thirty-four of these individuals have 
undergone a successful corrective plastic pro- 
cedure, while 2 have not yet been operated on. 
These patients fall into two large categories: 
(1) those in whom the anal outlet was so 
small that it did not permit the passage of a 
well lubricated, gloved little finger (some of 
these patients required cathartics to maintain 
their stools in a liquid state to secure bowel 
movements) and (2) those in whom the anal 
outlet was larger but did not permit the pas- 
sage of an average size, well lubricated gloved 
index finger without discomfort or pain and, 
in addition, failed to respond to digital or 
instrumental dilatation. There were 16 pa- 
tients in the first group and 20 in the second. 
All patients gave a history of one or more pre- 
vious anorectal operations performed from 6 
months to 18 years before the present exam- 
ination. The exact nature of the original 
operative procedure could not be verified in 
most cases, but hemorrhoidectomy appeared 
to be the offending operation in the largest 
number. 

DIAGNOSIS 

The most common sympton in all patients 
was increasing straining at defecation associ- 
ated with a sense of incomplete evacuation. 
The next fairly common symptom was tenes- 
mus. However, pain, bleeding, or pruritus, 
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singly or in combination, caused the patient 
to seek medical advice in most instances. 
Pain, with or without bleeding, was usually 
the result of single or multiple fissures. The 
fissures were predominately superficial and 
appeared to have been brought about by de- 
fecatory trauma. They were usually accom- 
panied by a low grade inflammatory process, 
cutaneous excoriation, and dermatitis of vary- 
ing degrees. Skin tabs were present in some 
cases, while concomitant condylomata acumi- 
nata were encountered in 1 instance. 
Examination revealed an unyielding nar- 
rowing of the anal canal associated with pain 
and tenderness on attempts to pass the exam- 
iner’s well lubricated, gloved finger or a specu- 
lum into the anal canal. (Since there is a ten- 
dency to confuse anal stenosis with anal 
spasm, especially in the presence of a concom- 
itant fissure, the correct diagnosis in a ques- 
tionable case is made after the induction of 
regional anesthesia. This abolishes the protec- 
tive spasm but fails to increase materially the 
size of the lumen of an anus which is con- 
tracted as the result of deforming scar tissue.) 
Usually one, but frequently two or more, de- 
forming radial scars were apparent. Occasion- 
ally, the scar was semicircular in outline and 
involved more than one-third of the anal cir- 
cumference. Histologically, the scars were 
made up of fibrous connective tissue and areas 
of polymorphonuclear and lymphocytic infil- 
tration. This pathologic process usually ex- 
tended into and involved the fibers of the sub- 
cutaneous component of the external anal 
sphincter muscle in varying degrees. 


TREATMENT 


Definitive treatment is invariably surgical; 
digital or instrumental dilatations are of little 
avail. The preoperative and postoperative 
management, as well as the type of anesthesia, 
are essentially the same as those employed for 
chronic anal ulcer, described in detail else- 
where.! 

1Turell, R. Surg. Gyn. Obst., 1948, 86: 434. 
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Fig. 5.. Note small calibered anal orifice exposed by re- Fig. 6. Same patient 6 weeks after anoplasty. Note 


traction in 3 directions with patient under spinal anes- the complete healing of the wound and the index finger '» 


thesia. 


Fig. 1. 


Fig. 3. 
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Fig. 1. Incision is indicated by broken lines. Note posterior scar. 

Fig. 2. The fibers of the subcutaneous component of the external anal sphincter 
muscle are incised (classic posterior sphincterotomy). 

Fig. 3. Excision of a small portion of subcutaneous muscle (modified sphincterotomy). 

Fig. 4. Suturing of the rectal mucosa between the cut ends of the sphincter at the 
level of the mucocutaneous junction. 


anal canal. 


Fig. 2. 


Fig. 4. 
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TECHNIQUE 


If not located in or near the posterior arc of 
ihe anal canal, the radial scars are excised 
with minimal sacrifice of adjacent skin. The 
wounds are left open for granulation. If the 
scar or scars are situated in or near the pos- 
terior arc, they are excised widely enough to 
extend the wound to the midline (Fig. 1). A 
posterior classic sphincterotomy is then per- 
‘ormed by incising the fibers of the subcutane- 
ous component of the external sphincter mus- 
cle (Fig. 2). If this procedure does not permit 
ihe easy introduction of the examiner’s index 
and middle fingers into the anal outlet, it then 
becomes necessary to incise the superficial and 
sometimes the deep components of the exter- 
nal anal sphincter muscle. If the subcutane- 
ous component of the external sphincter mus- 
cle is indurated or densely fibrosed, it is im- 
perative to excise a small portion of this mus- 
cle component (modified sphincterotomy), as 
is shown in Figure 3. This procedure is per- 
formed to prevent early reapposition of the 

external anal sphincter muscle and to insure 
ample drainage which, in turn, promotes bet- 
ter restitution of the inflamed anorectal 
tissues. 

In the case of circular or ringlike deposition 
of scar tissue, it is advisable to incise the scar 
radially on each anterolateral aspect, in addi- 
tion to the modified posterior sphincterotomy 
described. 

In order to effect interposition between the 
ends of the incised components of the external 
sphincter muscle, the rectal mucosa was freed 
beyond the incised scar and anchored near the 
level of the mucocutaneous junction in 11 pa- 
tients (Fig. 4). However, I am not convinced 
of the need for this maneuver when a part of 
the subcutaneous component of the external 
sphincter muscle is excised (modified sphinc- 
terotomy) as shown in Figure 3. 

Hemostasis is secured by gentle pressure 
with gauze or by clamping the bleeding ves- 
sels with small artery forceps and tying them 
with No. oo plain catgut. More recently, a 
new hemostatic agent, the gelatin sponge 
(with or without thrombin), has been used. 
This hemostatic agent also obviates the need 
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for the use of a soft rubber Penrose drain or 
vaseline gauze packing. 


POSTOPERATIVE COURSE 


The immediate postoperative course and 
management are essentially the same as those 
described for anal ulcers except for the digital 
dilatations.! The initial dilatation is usually 
made earlier, on the third or fourth postopera- 
tive day, and is repeated 2 to 3 times weekly 
for a period of about 4 to 5 weeks. Digital 
dilatations are performed in order to control 
the rate of healing and to break up any bridg- 
ing that may occur. In practically all cases, 
complete healing was effected in about 5 weeks 
with a resultant soft, pliable scar and normal 
appearing anoperianal skin. 

In 1 patient there was a low grade infec- 
tion of the wound which responded slowly to 
sulfonamide therapy. Complete healing re- 
quired about 8 weeks in this instance. Since 
this occurrence I have instituted preoperative 
and postoperative sulfonamide and antibiotic 
(penicillin or streptomycin or both) chemo- 
therapy prophylactically. 


SUMMARY 


A plastic surgical procedure is described for 
the correction of postoperative anal stenosis. 
It has been employed successfully in 36 cases. 


ApDENDUM.— During the past 3 years, instead of dilata- 
tion of the anal sphincter muscles under anesthesia, the 
foregoing anoplasty has been applied successfully to the 
treatment of 7 patients with narrowing of the anal canal 
caused by spasm and fibrosis of the ana] sphincter muscle. 
Their symptomatology and physical findings closely re- 
sembled those discussed recently (Newton, F. C., and 
MacGregor, C. A. N. England J. M., 1948, 239: 113). It 
is believed that this syndrome, in some instances, is pro- 
duced by dysfunction of either the subcutaneous com- 
ponent of the external anal sphincter muscle or the muscu- 
laris submucosae ani which is situated in the region of the 
pectinate line (Fine, J., and Lawes, C. H. W. Brit. J. 
Surg., 1940, 27: 723). The latter acts as a muscle band, 
and not as a fibrous band as heretofore believed, exerting 
its effect through either spasmodic contraction produced 
by local irritation or hypertrophy resulting from chronic 
—_ and leading to stenosis, while, in other individuals, 
this syndrome may be the outcome of an anxiety-deter- 
mined hypertonus of the foregoing sphincter (Linn, L. 
Psychosomatic Problems in Proctology, in Turell, R. 
Treatment in Proctology. Baltimore: Williams and Wilkins 
Co., 1949). 


1Turell, R. Surg. Gyn. Obst., 1948, 86: 434. 
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THE ESOPHAGEAL ARTERIES 


An Anatomic Study of 150 Specimens 
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N recent years various surgeons through- 
out the country have reported that eso- 
phageal resection for carcinoma, especial- 
ly of the thoracic segment, is no longer a 

formidable procedure. This advancement in 
esophageal surgery is credited to the increased 
knowledge of the physiology and anatomy of 
thoracic viscera, to the employment of posi- 
tive pressure anesthesia and antibiotics, and 
to the improvement of surgical technique. 
According to Boyd (1947), carcinoma of 
the esophagus does not originate at a random 
point on the esophagus, but rather at one of 
three definite sites, namely: the upper end of 
the tube, the level of the bifurcation of the 
trachea, and the gastric extremity. Further- 
more, the location of the neoplasm is said to 
be most frequent at the second site, next 
most common at the first site, and least com- 
mon at the lower end of the esophagus. Vari- 
ous sets of statistics indicate that approxi- 
mately 5 per cent of all carcinomas are eso- 


phageal in origin, and that 20 per cent of these. 


occur between the region of the cricoid carti- 
lage and the arch of the aorta. The remain- 
ing 80 per cent of carcinomas are said to be 
located between the arch of the aorta and the 
cardia of the stomach. 

In the past, the mortality rate of surgical 
resection of the esophagus for carcinoma par- 
alleled the richness of vascular supply and 
lymphatic drainage of the esophagus, the mor- 
tality rate decreasing from cervical, to ab- 
dominal, to thoracic region. Reports are 
available of successful removal of the lower 
three-fourths of the esophagus, with estab- 
lishment of alimentary continuity, by anas- 
tomosis of the stomach, or even the jejunum, 
to the proximal segment of the esophagus. 


Contribution No. 524 from the Department of Anatomy of 
Northwestern University Medical School. 
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It is evident that a surgical procedure of 
this nature necessitates removal of the major 
portion of the esophageal blood supply, and, 
as a consequence, there is required a detailed 
anatomical knowledge of the arterial supply 
to the visceral tube. However, the literature 
contains little detailed information on the 
subject of the arterial pattern of the esopha- 
gus. 

Sencert (1904) stated that the arteries 
to the thoracic esophagus arise from the bron- 
chial arteries and from the aorta, and that 
the terminal segment of the esophagus derives 
its supply from the left gastric and the in- 
ferior phrenic arteries. These vessels are said 
to form an arterial plexus, or anastomosis, 
around the esophagus. According to Hirsch- 
mann and Frohse (1915) the arterial supply 
to the entire esophagus is derived from three 
vessels, namely: the inferior thyroid, the bron- 
chial, and the left gastric arteries. Anatomy 
texts state the origins of the esophageal ar- 
teries are derived from the following six 
sources: the inferior thyroid arteries (occa- 
sionally a branch from the subclavian artery), 
bronchial arteries, segmental branches from 
the thoracic aorta, intercostal arteries, left 
gastric artery, and the left inferior phrenic 
artery. 

Demel (1924), by injection experiments, 
found that the cervical portion of the 
esophagus is richly supplied by the inferior 
thyroid artery; that the middle third of the 
esophagus is poorly vascularized (especially 
the right anterior wall of the upper part of 


this segment); and that the abdominal por- , 


tion of the esophagus is supplied by the left 
gastric and the left inferior phrenic arteries. 
Kegaries (1934) carried out a similar study 
of the anatomy of the venous plexus of the 


esophagus. 


a 

Pp 

te 

ta 

su 

| 

be 

es 

fo 

pe 

lin 

th 

gu 

set 

wi 

fer 

its 

an 

rey 

lat 

th 

rib 

Tt 

Wi! 

wh 

the 

the 

int 

do! 

gas 

siti 

jur 

art 

ing 

anc 

in» 

in | 

|| 


SWIGART ET AL: 


Aware of the inadequacy of the present an- 
atomic knowledge of esophageal vascular sup- 
ply, in comparison with current surgical need, 
the authors undertook the present study to 
determine not only the source of origin of 
esophageal arteries, but also to ascertain 
which segments of the esophagus receive the 
major arterial supply and where gross anas- 
tomoses occur. 


MATERIAL AND METHODS 


The material used for this study was ob- 
tained from the dissection laboratory. In 
some of the specimens studied the vascular 
supply to the cervical portion of the esophagus 
was destroyed, a circumstance which ac- 
counts for the discrepancy in the total num- 
her of cases which are recorded for the 
esophageal divisions. 

An anterolateral approach was employed 
for the study of the cervical and thoracic 
portions of the esophagus, whereas, a mid- 
line incision was used to expose the cardia of 
the stomach and lower portion of the esopha- 
gus. In the cervical dissection, the first and 
second divisions of the subclavian arteries 
with their branches were dissected; the in- 
ferior thyroid artery was then followed from 
its origin to its terminal branches, to include 
any derived esophageal rami. In the thoracic 
region exposure was made by removing, bi- 
laterally, the thoracic cage from the third 
through the eighth rib; and by sectioning the 
ribs distally at the level of the axillary line. 
The bronchial arteries were next dissected, 
with mobilization of esophageal branches 
which originated from those vessels. Then 
the segmental esophageal arteries from the 
thoracic aorta and those from the posterior 
intercostal arteries were exposed. The ab- 
dominal study entailed dissection of the left 
gastric artery, especially in the area which is 
situated just medial to the cardio-esophageal 
junction, as well as both inferior phrenic 
arteries. 

From especially dissected specimens, draw- 
ings were prepared to record arterial sources 
and relationships in the neck (Figs. 1 to 3), 
in the thorax at bronchial level (Fig. 4), and 
in the thoraco-abdominal region (Figs. 5 and 
6). To four of these (Figs. 3 to 6), for con- 
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venience of the reader, notations on percent- 
age of occurrence were recorded on thedrawings. 


OBSERVATIONS AND DISCUSSION 
Arteries to Cervical Portion of Esophagus 


The arteries sent to this portion of the 
esophagus usually originated from the inferi- 
or thyroid artery; however, other origins 
were not infrequent. 

From inferior thyroid artery. In 125 speci- 
mens esophageal arteries originated from the 
inferior thyroid artery at three separate sites, 
namely: the ascending portion, the descend- 
ing portion, and the artery’s terminal rami 
(Figs. 1 and 2). 

The esophageal arteries originated from the 
terminal branches of the inferior thyroid ar- 
tery more frequently than from the ascend- 
ing or descending portions of the vessel. How- 
ever, the total number of branches from the 
latter two segments of the inferior thyroid 
artery exceeded the number derived from the 
terminal divisions of the parent vessel. Usu- 
ally a single esophageal branch originated 
from a segment of the inferior thyroid artery; 
however, two, but rarely more, esophageal 
branches arose from the same or different 
segments of the thyroid artery. Esophageal 
vessels which originated from the ascending 
segment of the thyroid artery were not only 
of a larger size, but also descended a greater 
distance on the anterolateral surface of the 
esophagus than did similar vessels derived 
from the terminal branches and the descend- 
ing portion of the inferior thyroid artery. In 
the majority of cases, there occurred a tra- 
cheo-esophageal vessel which arose from the 
ascending portion of the inferior thyroid ar- 
tery; it coursed downward in company with 
the recurrent laryngeal nerve into the su- 
perior mediastinum. This vessel supplied the 
trachea and the hilar lymph nodes; addition- 
ally, in several instances, the artery estab- 
lished a gross anastomosis with the right or 
left superior bronchial artery. Near the level 
of the suprasternal notch, 1 to 3 branches 
arose from the tracheo-esophageal artery to 
supply the posterolateral aspect of esophagus. 

With the exception of a single instance, the 
arteries, after reaching the cervical segments 
of the esophagus, gave off no ascending 
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Fig. 1. Inferior thyroid artery, its esophageal branches and related structures, on 


the right side of the neck. 


The dissection has been carried in successive steps to three cervical levels. In the 
suprahyoid area a portion of superficial fascia, with contained platysma muscle, remains 
intact, still covering part of the submaxillary gland (at*). Inferior to this line, the 
outer layer of deep fascia of the neck covers the larynx and the contents of the caro- 
tid sheath, and encloses the thyroid gland (the latter here retracted). The infrahoid 
muscles have been freed from their fascial investment and transected. Through cutting 
and reflection of the sternocleidomastoid muscle the following structures have ex- 
posed: internal jugular vein, carotid artery, inferior thyroid branch of the thyreocervi- 
cal trunk, vagus, inferior laryngeal, and phrenic nerves and the sympathetic trunk. 
They have been exposed to the level of the first rib by removal of the clavicle. From 
the inferior thyroid artery arise branches to the trachea and esophagus. 


branches similar to those seen in the thoracic 
region. In the exceptional specimen, the 
esophageal artery, after arising from the su- 
perior terminal branch of the inferior thy- 
roid artery, ascended on the anterior aspect 
of the esophagus to the level of the cricoid 
cartilage. In another unusual case, in which 
the left inferior thyroid artery was absent, 


the left half of the thyroid gland was supplie: 
by the superior thyroid artery. In this sam: 
case the esophagus received its only arteria! 
supply by means of a single branch derive: 
from one of the terminal divisions of the righ: 
inferior thyroid artery. There was no demon 
strable arterial supply to the left side of th: 
cervical esophagus from any source. 
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g. 2. Inferior thyroid artery, its esophageal and tracheal branches and related 


The dissection has been carried to deep level. The cervical fascia has been removed 
from the thyroid cartilage, exposing the thyrohyoid muscle. The tissue of the caro- 
tid sheath has been dissected away, the contained vessels and nerve removed except 
at their mastoid and clavicular extremities. Similarly, the pretracheal layer of fascia 
has been removed. Through retraction of the thyroid gland, the trachea and esophagus, 
the inferior thyroid artery in its full course, and the latter’s esophageal and related 
tracheal rami are demonstrated. The deep portion of the subclavian artery has been 
brought into view by removal of the sternal part of the clavicle. 


In still another specimen, there was no 
csophageal supply from either the right or 
the left inferior thyroid artery; the lower cer- 
vical and upper thoracic portions of the esoph- 


level of the jugular notch, Sweet (1946) ad- 
vises that the site of esophageal resection be 
high enough to reach the esophageal branch 
of the inferior thyroid artery. He cautions 


agus were supplied by rami derived from the 
bronchial arteries. 


In order to preserve adequate blood supply 


the surgeon against resection of the esopha- 
gus at a lower level, even if considerable 
length is available, because of the great dan- 


at the esophagogastric anastomosis, near the © ger of sloughing at the proximal end of the 
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Fig. 3. Cervical sources of the esophageal arteries. Semischematic. 

The thoracic cage has been removed, to expose the arch of the aorta and the vessels 
distributed to the neck and upper extremities. Likewise, the origin of branches of the 
first portion of the left subclavian and the first and second portions of the right sub- 
clavian artery have been exposed. The perpendicular lines which transect each of the 
inferior thyroid arteries indicate the divisions of the vessel into ascending, descend- 
ing, and terminal segments. The encircled numerals placed either near or on a vessel 
record the number of instances in 100 specimens in which esophageal rami originated 
from the particular vessel. Comparable statements in the text are based on the dissec- 
tion of 125 specimens. 


esophagus. In the present study, esophageal 
arteries were found to arise from the ascend- 
ing segment of the inferior thyroid artery in 
36.8 per cent (46 cases) on the right, 51.11 
per cent (64 cases) on the left side. As has 
already been stated, esophageal arteries which 
arise from the descending portion of the in- 


ferior thyroid artery or its terminal branches 
do not descend for a considerable distance in- 
feriorly on the esophagus. Therefore, to hecd 
Sweet’s warning, it would appear that unless 
an artery supplying the esophagus near tlie 
level of the jugular notch be demonstrable, 
it would be well to assume that the esophag::- 
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Fig. 4. 
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s of bronchial arterial supply in 300 specimens. Schematically shown, as 


if from the é sete aspect. The classification is based upon origin, number, and course 


of the vessels. 


al supply is derived either from the descend- 
ing portion of the inferior thyroid artery, or 
from one of the latter’s terminal branches. 

Important, too, is the fact that, were the 
inferior thyroid artery ligated near its termi- 
nal branches (as in a previous subtotal thy- 
roidectomy), an adequate arterial supply for 
the esophagus (near the jugular notch of the 
sternum) would remain, in the majority of 
specimens studied—being derived from the 
ascending and descending portions of the in- 
ferior thyroid. 

From other sources. Although the majority 
of esophageal arteries took origin from the 
inferior thyroid artery, there were 13 cases in 
which the esophageal arteries arose from 
other sources (Fig. 3, representing 100 dis- 
sections). The addition of 25. dissections, 
bringing the total of cervical dissections to 
125, revealed two cases, on the right side, in 
which esophageal arteries arose from the as- 
cending pharyngeal artery and the common 
carotid artery. One case, on the left side, re- 


vealed an esophageal artery arising from the 
left common carotid artery. Thus, in 12.8 
per cent of cases (16 of 125 cervical dissec- 
tions), esophageal arteries originated from 
sources other than the inferior thyroid ar- 
teries. 


Arteries to Thoracic Portion of Esophagus 


From bronchial arteries. According to the 
descriptions in the standard textbooks of 
anatomy, the esophagus derives part of its 
arterial supply from the bronchial arteries. 
To these undetailed statements, the authors 
are able to add precise information on the 
bronchial sources of the esophageal arteries 
(Fig. 4). 

The most commonly encountered pattern 
of bronchial arterial supply, Type I, occurred 
in 47.67 per cent of specimens (143 of 300 
cases); the pattern is that described as “‘nor- 


1These records are now based upon the study of 300 speci- 

mens, the number of cases upon which an earlier report was 

having been doubled (compare Fig. 1, Cauldwell, Siekert, 
Lininger and Anson, 1948). 
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Fig. 5. Thoracic and abdominal arteries, their esoph- 
ageal rami, and related structures. Semischematic. 

A right lateral dissection of the posterior mediastinum 
and upper abdomen reveals the esophagus and the sources 
of its vessels of supply. The encircled numbers near the 
labeled vessel record the frequency of esophageal rami 
origin from the particular vessel in 125 dissections. The 
text descriptions are based on a study of 150 specimens. 


mal” in standard textbooks. In these speci- 
mens 2 left and 1 right bronchial artery are 
present. Next in the order of frequency is 
the pattern, Type II, in which a bronchial 
artery passes to each lung; this schema of 
bronchial arterial origin occurred in 24.33 
per cent of cases (73 of 300). The third 
major group, Type III, is characterized by 
bilateral duplication of the arteries; it was 
encountered in 14.33 per cent of cases (43). 
These three types comprised 86.33 per cent 


of the arterial patterns in all cadavers studied 
(that is, together they represent approximate- 
ly 7 of 8 specimens). In 7.67 per cent of cases 
(23 of 300), Type IV, the pattern was found 
to be the reverse of Type I—with 1 artery 
to the left lung, and 2 to the right. In Type 
V, 3 arteries were sent to the left lung, a 
single vessel to the right; this schema of bron- 
chial supply occurred in 3 per cent of speci- 
mens (9 of 300 cases). In 1.67 per cent of 
specimens (5 of 300), Type VI, 3 bronchial 
arteries were present on the left side, 2 on 
the right. In 2 cases, Type VII (2 in 300), 
0.67 per cent, the reverse of this pattern was 
encountered (3 on the right, 2 on the left). 
In a single specimen, Type VIII, 0.33 per 
cent (1 in 300), 4 bronchial arteries were 
present on the left side; in another, Type IX, 
0.33 per cent, the pattern was the reverse of 
that representing Type VIII. 

Most frequently there were 3 bronchial ar- 
teries, 2 left and 1 right (Figs. 4, 5, and 6). 
In some specimens, however, there were 2 
right bronchial arteries; in such cases the 
second right bronchial artery coursed either 
ventral or dorsal to the esophagus. The bron- 
chial artery of the ventral surface of the esoph- 
agus usually passed anteric. to the bifurca- 
tion of the trachea, ultimately reaching the 
inferior border of the right main bronchus. 

In the present investigation, in 72 per cent 
(108 specimens) of 150 cadavers examined, 
the inferior left bronchial artery gave rise to 
esophageal vessels. The latter vessels were 
of slightly smaller caliber than the bronchial 
arteries; they descended a variable distance 
on the anterior surface of the esophagus. An- 
astomosis between these esophageal vessels 
and the ascending branch of esophageal ar- 
teries of thoracic aortic origin occurred in 
many instances. Esophageal arteries from 
the superior left bronchial artery and superior 
right bronchial artery, 34.67 per cent and 
66.67 per cent (52 and 100 cases, respective- 
ly, of 150 specimens), ascended on the antero- 
lateral or posterolateral surface of the esopha- 
gus. When a second right bronchial artery 
was present (as an inferior right bronchial ar 
tery), esophageal branches derived therefrom 
supplied the esophagus, as the bronchial ar- 
tery passed either ventral or dorsal to th: 
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visceral tube. In 14 per cent (21 cases) the in- 
ferior right bronchial artery gave rise to a ves- 
sel of appreciable size, which coursed a short 
distance inferiorly on the right anterior surface 
of the esophagus. Esophageal arteries of this 
latter origin rarely formed a gross anastomosis 
with any other esophageal vessel. In fact, the 
portion of the thoracic esophagus immediately 
inferior to the lower right bronchus appeared 
to be less well supplied by esophageal vessels 
than any other portion of the tube. 

In 2.67 per cent of cases (4 specimens) there 
were 3 left bronchial arteries; in each instance 
esophageal arteries arose from the middle left 
bronchial artery. 

From intercostal arteries. Right intercostal 
arteries were the source of origin of esophageal 
arteries in 20 per cent of the cases studied 
(30 of 150 specimens). In a single specimen 
an esophageal artery arose from a left inter- 
costal artery. 

Usually an intercostal artery gave origin 
to a single esophageal artery; however, in 5 
specimens 2 branches arose from the same in- 
tercostal artery, and in 3 specimens 3 eso- 
phageal rami were derived from the same 
intercostal (Fig. 5). 

From other sources. Exceptional origins of 
esophageal arteries occurred on the right side 
in 3 specimens (Fig. 5). The internal mam- 
mary, the costocervical trunk, and the sub- 
clavian artery were, each, the source of origin 
for an esophageal artery. In each instance 
the vessel coursed downward on the anterior 
surface of the esophagus. 


Arteries to Abdominal Portion of Esophagus 


From left gastric artery. The arterial supply 
to the abdominal portion of the esophagus 
was examined in 150 specimens. In 94.67 per 
cent of cases (142 specimens) the left gastric 
artery was a source of origin for esophageal 
arteries (Figs. 5 and 6). 

The esophageal arteries originated from the 
left gastric artery, either just proximal to the 
point where the vessel reverses its direction 
to supply the lesser curvature of the stomach, 
or from the area of the bend itself. These 
esophageal arteries followed the longitudinal 
axis of the esophagus, supplying predominate- 
ly the right anterior and posterior surfaces of 
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Fig. 6. Thoracic sources of esophageal rami, and re- 
lated structures. Semischematic. 

A left lateral dissection of the specimen illustrated in 
the preceding figure. The level of origins and the course 
of the left bronchial arteries and esophageal arteries are 
depicted. The encircled numbers represent the frequency 

of esophageal rami derived from the several arterial sources 
in 125 dissections. A remnant of the diaphragm, surround- 
ing the esophageal hiatus, remains for topographical pur- 
. Ascending branches of esophageal arteries from 
abdominal level and descending branches of the segmen- 
tal esophageal arteries of thoracic level are shown. In 
many instances (not shown in this figure) the above 
branches establish anastomotic connections. 


the esophagus. Throughout the course of the 
vessels, under the visceral peritoneum of the 
esophagus, small branches penetrated the 
muscular tunic of the viscus. No constant 
relationship of the esophageal arteries to the 
vagus nerves was noted. Of the 142 speci- 
mens in which the left gastric artery was a 
source of esophageal supply, 78 per cent of 
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the cases possessed 1 to 3 esophageal arteries 

which arose from the left gastric. In but 1.33 
per cent (2 specimens) there were as many as 
6 esophageal arteries arising from the left 
gastric. 

The problem of shifting the stomach from 
abdominal to thoracic cavity in certain cases 
of esophageal malignancy is based upon vas- 
cular supply and the necessity of avoiding 
tension at the anastomotic line. Usually, the 
distribution of blood to the fundus of the 
stomach, after its surgical mobilization and 
relocation near the region of the aortic arch, 
is considered to be derived from the right 
gastric artery, the right gastroepiploic artery 
and the intramural communicating branches 
of these vessels. The right gastric artery is 
much smaller in caliber than the left gastric 
artery and, according to Browne (1940), the 
right gastric artery is absent in 10 per cent of 
specimens. It would appear, then, that the 
abdominal supply to the line of anastomosis 
would be derived primarily from the right 
gastroepiploic artery after the above pro- 
cedure has been completed. If the surgeon 
were to ligate the right gastric artery (when 
present) at the point at which it arises from 
the common hepatic artery, the stomach could 
be more completely mobilized. In all proba- 
bility this latter procedure would not de- 
crease the blood supply to the anastomotic 
line, and it should aid in reducing tension at 
the site of anastomosis. 

From inferior phrenic arteries. The left in- 
ferior phrenic artery. was a source of origin 
of esophageal vessels in 56 per cent of cases 
(84 of 150 specimens). In all but 8 per cent 
(12 specimens of the 84), a single esophageal 
branch was given off. The course of these 
esophageal vessels was similar to that of ves- 
sels arising from the left gastric artery, that 
is, parallel with the longitudinal axis of the 
esophagus and through the esophageal hiatus 
of the diaphragm. 

Of the 150 cases, esophageal supply origi- 
nated from the right inferior phrenic artery 
in 3.33 per cent (5 specimens). In 1 case there 
were 2 branches; in each of the remaining 4 


1In 1 male specimen, not included in this series, an esopha- 
goduodenostomy had been done. The site of the anastomosis 
derived its only blood supply by 2 esophageal branches from 
the left inferior phrenic artery. 


cases there was a single branch, distributed 
to the right posterior surface of the esopha- 
gus. 

From accessory left hepatic artery. In 10 
per cent of the cases (15 of 150 specimens) 
esophageal arteries originated from an acces- 
sory left hepatic artery (Fig. 5). With the 
exception of 3 specimens, only 1 esophageal 
artery in each instance was derived from the 
above vessel; however, the main branch di- 
vided into 2 or 3 twigs when the esophagus 
was reached. 

In 5.56 per cent of the above 15 specimens 
(8 cases) no esophageal artery arose from the 
left gastric artery. In the 8 specimens, the 
supply to the right aspect of the esophagus 
was derived from the accessory left hepatic 
artery (Fig. 5). The artery divided in such a 
way as to send rami twigs to both anterior 
and posterior surfaces. 

From splenic artery. In 1.33 per cent of 
cases (2 specimens) 1 to 2 esophageal arteries 
originated from the proximal one-third of the 
splenic artery (Fig. 5). 

From celiac artery. In a single specimen 
(0.67 per cent), 1 esophageal artery originated 
from the celiac axis (Fig. 5). 


CONCLUSIONS 


For the cervical portion of the esophagus, 
arteries originate from three segments of the 
inferior thyroid arteries. In the majority of 
cases, 1 esophageal artery arose from a seg- 
ment, although 1 or 2 segments of the thy- 
roid artery might give rise to an esophageal 
branch. Esophageal vessels arose from the 
terminal branches of the inferior thyroid ar- 
tery more frequently (although small in cali- 
ber) than did similar vessels from the ascend- 
ing and descending segments of the inferior 
thyroid artery. Those vessels which arose 
from the ascending segment descended a 
greater distance on the esophagus than did 
those vessels arising from the other two seg- 
ments. Esophageal branches arose approxi- 
mately as frequently from the ascending seg- 
ment of the inferior thyroid artery as from 
the descending segment. 

For the thoracic portion of the esophagus, 
the left inferior bronchial artery gave rise to 
esophageal vessels more frequently than did 
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the other bronchial arteries. Vessels of this 
origin descended on the esophagus and anas- 
tomosed with the first (proximal) esophageal 
artery of aortic origin in many instances. 
The superior right bronchial artery was the 
second most common bronchial source of 
esophageal arteries. The latter vessels usu- 
ally ascended on the esophagus and a definite 
anastomosis with an esophageal branch of 
cervical origin could frequently be demon- 
strated. Usually o to 2 esophageal arteries 
arose directly from the thoracic aorta. In no 
specimen were there as many as 4 or 5 seg- 
mental branches derived from the aorta— 
contrary to statements made in textbooks of 
anatomy. The majority of vessels of segmental 
supply from the aorta occurred between the 
level of the seventh and ninth ribs or inter- 
space, inclusive. Rich intercostal arteries 
were the source of origin of esophageal arteries 
in one-fifth of the specimens studied; usually, 
one esophageal vessel originated from an inter- 
costal artery. The fifth right intercostal ar- 
tery gave rise to esophageal arteries more 
frequently than did the other intercostal ar- 
teries. 

To the abdominal portion of the esopha- 
gus, the left gastric artery gave rise to esoph- 
ageal arteries in all but 8 specimens. Esopha- 
geal arteries in 5 of the 8 cases arose from the 
accessory left hepatic artery. In approximate- 
ly three-fourths of the specimens, 1 to 3 
esophageal arteries originated from the left 
gastric.artery. In slightly less than one-half 
of the cases, the left inferior phrenic artery 
gave supply to the esophagus, there usually 
being a single esophageal branch from this 
source. An esophageal artery originated from 
the right inferior phrenic artery in only 5 
specimens. 

In general, it may be noted, the arterial 
supply of the 3 divisions of the esophagus is 
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segmental in nature; the scheme of vascular 
supply resembles the segmental pattern of 
arteries sent to the foregut, midgut, and hind- 
gut of the alimentary canal prior to growth, 
rotation, and peritoneal fixation. As shown 
in this study, there are ascending and descend- 
ing branches of esophageal vessels which 
course along the anterolateral or postero- 
lateral aspects of the esophagus. A similar 
arterial pattern obtains in the large colon, 
common bile duct, and ureter; the scheme is 
segmental with ascending and descending 
branches along these tubular structures. The 
right, middle, and left colic arteries, by means 
of ascending and descending branches, form 
an anastomotic channel which courses along 
the medial border of the bowel. From this 
parallel loop extramural and intramural 
branches are given off to the colon through- 
out the latter’s extent. Were the rectum com- 
pared with the esophagus (both being ex- 
tremities of the alimentary tract), close simi- 
larity would be apparent; and if the ends of 
the rectum were reversed, the inferior hemor- 
rhoidal arteries with their branches would be 
comparable in size and anastomotic connec- 
tions to the arteries of the cervical esopha- 
gus; the middle and superior hemorrhoidal 
arteries would be comparable, in the above 
respect, with the thoracic and abdominal por- 
tions of the esophagus, respectively. 
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VOLKMANN’S ISCHEMIC 
CONTRACTURE 


N 1881, Volkmann wrote: “For a good 
| many years, I have observed that the 
paralyses and contractures of extremities 
which one sees after the use of too tightly ap- 
plied bandages are not, as people had previous- 
ly thought, due to paralysis of the nerves 
through pressure but to a sudden extensive 
disintegration of the contractile substance. . . . 
The paralyses and contractures must be ac- 
cepted as purely myogenic. ... They occur as 
a result of prolonged deprivation of arterial 
blood. The frequent simultaneous and often 
very marked venous stasis seems only to ac- 
celerate the occurrence of the paralysis.”! 
Little has been added to or changed in his 
summary of the etiology, pathology, symp- 
toms, and findings. The last decade has 
evolved more effective treatment in the early 
ischemic stage. The mechanism has been ex- 
plained a little more fully. 


‘Richard Volkmann. Zbl. Chir., 1881, 51: 801-803. 
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As late as 1935, clinicians and investigators 
argued sharply as to the relative etiologic sig- 
nificance of arterial block, venous stasis, and 
primary nerve injury. Most observers agreed 
that the arterial circulation ‘was in some way 
involved. The mechanism remained shrouded 
in mystery until several accurate observers 
operated upon patients in the acute ischemic 
stage, exploring the cubital fossa and the prox- 
imal portion of the forearm. Usually the 
brachial artery was torn or at least superfici- 
ally injured by the sharp bone ends. Almost 
always the artery was found to be markedly 
constricted in the cubital fossa. Relief from 
the ominous symptoms was obtained by peri- 
arterial stripping, or more simply, by resection 
of the constricted portion of the artery. Later, 
procaine block of the appropriate paraverte- 
bral ganglia seemed to be effective when per- 
formed promptly. The influence of a sympa- 
thetic arc had been fairly well established. 

The symptoms of this catastrophic compli- 
cation appear without warning. Most fre- 
quently they follow supracondylar fractures, 
but also forearm fractures or forearm injuries 
without fracture. Pain of increasing severity 
is the outstanding symptom. The fingers are 
cold, pale or cyanotic, and swollen. They are 
flexed and cannot be moved actively. At- 
tempted passive straightening is exquisitely 
painful. Paresthesia is followed by anesthesia. 

The pathogenesis is complex. Injury to the 
brachial artery or its branches produces local- 
ized constriction with complete block. Is- 
chemia increases the pain. If it is allowed to 
persist, a reflex involvement of the intimate 
vasculature of the muscles ensues. Recent evi- 
dence? suggests that arterial block is followed 


*John W. Harman. Am. J. Path., 1948, 24: 625-641. 
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by damage to the fine arterioles, capillaries, 
and venules of the muscle. These minute 
vessels are dilated and silted with red cells. 
Interchange of fluids through their walls is 
altered. The muscles of the limb are in jeop- 
ardy. After four hours, permanent damage 
has been done. 

The importance of the radial pulse has been 
unduly stressed. One must not allow the pulse 
to be obliterated by tight dressing or excessive 
flexion. However, the radial pulse is unreli- 
able as a danger signal. Its absence is not an 
indication for operation, nor is its presence a 
guarantee that ischemia will not develop. 
Pain, cyanosis, and swelling are indications 
for the release of bandages or the degree of 
flexion even if the radial pulse is present. If 
the capillary circulation returns and there is 
no pain or paralysis, Volkmann’s ischemic con- 
tracture will not supervene. There is no im- 
pending catastrophe until the collateral circu- 
lation, which is already embarrassed by ex- 
ternal and internal pressure, responds reflexly 
with further obstruction by vasospasm or silt- 
ing. When constriction and the minute vas- 
cular phenomena occur together, there is 
danger of ischemic damage to the muscle. 

In the acute ischemic stage, immediate 
treatment is imperative. Constricting dress- 
ings must be removed. The forearm is sus- 
pended with nonconstricting skin traction 
(skeletal traction in exceptional cases), with 
the elbow semiextended and off the bed. If 
the pain is relieved promptly and the capillary 
pulse returns, one is justified in further obser- 
vation and conservative management. The 
sympathetic ganglia may be blocked with pro- 
caine. This procedure will not relieve the sub- 
fascial distention, however, Histamine, in- 
travenous papaverine, or procaine and adren- 
olylic drugs should be used with caution. Sed- 
ation must not be allowed to mask important 
symptoms. 


If there is not immediate improvement, op- 
eration is indicated. The concomitant venous 
obstruction and arteriole spasm must be re- 
lieved quickly. An “S” or “Z” incision in the 
cubital fossa exposes the tense fascia of the 
forearm. The fascia is slit so that the trauma- 
tized and swollen muscles bulge into the 
wound. The dissection is carried to the bra- 
chial artery. Whether bruised (subintimal 
hemorrhage) or actually torn, it will be found 
constricted to the size of a string from two 
inches or more above the elbow joint down as 
far as the radial and ulnar branches. Proximal 
to the constriction it will be of normal size and 
pulsating. The brachial artery is ligated and 
resected for all of the constricted portion. The 
skin is closed loosely if possible. A dressing is 
applied with gentle compression and the arm 
again suspended. If the operation is per- 
formed promptly, it will avert a catastrophe. 
If not, there will be some residual contracture. 

If this picture of ischemia has existed for 
several hours, one should not delay with con- 
servative measures. Exploratory operation 
should be immediate and ice packs added to 
the postoperative regimen. If several days 
have elapsed, as is often sadly the case, and 
superficial blebs and sloughs have appeared, 
paravertebral block and cold packs may be 
the reluctant choice. Crippling will ensue 
from destruction of muscle tissue. 

Peripheral nerve involvement may be sec- 
ondary to the ischemia, but examination of 
amputated extremities has shown nerve trunks 
to be normal macroscopically and microscopic- 
ally at the same time that muscles were com- 
pletely liquefied. There may be direct con- 
striction and distortion of nerves by the rapid- 
ly forming scar tissue. Exploration of definite- 
ly involved nerves is in order after the 
superficial blebs and sloughs have healed and 
the induration of the skin and subjacent tissue 
has subsided. This operation is often followed 
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by considerable improvement. Better func- 
tion of the peripheral nerves may reactivate 
the remaining few muscle fibers. 

Until now the fracture has scarcely been 
mentioned. It is of lesser significance. In 
doubtful cases, it may be reduced and main- 
tained indefinitely in fair alignment by trac- 
tion with the elbow semi-extended. Complete 
extension of the elbow is almost as dangerous 
as acute flexion. Exact apposition is not es- 
sential. Vigorous manipulation is definitely 
contraindicated. Healing with bayonet ap- 
position is to be preferred to any manipulation 
in the face of significant tissue damage. The 
impending disaster may resolve completely at 
the end of one to two weeks. Then the fracture 
may besatisfactorily reduced under anesthesia. 

Little need be written here of the residual 
deformity with dry, cold skin, striated nails, 
atrophy of the subcutaneous tissues, fibrotic 
muscles, characteristic flexion of the wrist and 
digits, ulceration of the knuckles, and des- 
truction of the distal epiphyses of the fingers. 
Important in the reduction of deformity is 
prompt treatment by a competent surgeon. 
Early splinting is indicated. Because of the 
trophic disturbance, great care must be used 
to avoid pressure sores. Clever techniques 
have been worked out with splints and elastic 
traction. Active rather than passive exercise 
will re-establish function. Stimulation with 
galvanic current may be of value. Persistent 
gentle efforts will salvage some function in 
hands which appear hopeless. In the worst 
cases, operation is of real benefit. Exploration 
of nerves and elongation of tendons may be 
performed early. In older cases, carpal resec- 
tion is simpler than shortening of forearm 
bones to relieve inveterate flexion contractures. 

Ischemic contracture is still the most tragic 
complication of elbow and forearm injuries. 
Volkmann’s description of the entity is still 
accurate but his pessimism about treatment 
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must be abandoned. Through the co-opera- 
tion of the pathologist, the chemist, and other 
workers with the surgeon, the mechanism has 
been sufficiently explained to place treatment 
on a rational basis. Prevention is still of 
primary importance. With a better educa- 
tional program, the emergency treatment will 
be widely understood and unnecessary crip- 
pling avoided. WALTER P. BLount. 


TOTAL GASTRECTOMY FOR 
ALL PATIENTS WITH OPER- 
ABLE CANCER OF THE 
STOMACH 


HE sole available method of treat- 

ment for cancer of the stomach is sur- 

gical removal. I know of no field in 
surgery in which surgical results are more un- 
satisfactory or depressing than in the surgical 
treatment of cancer of the stomach. Not only 
are results unsatisfactory, but over the past 
years not a single thing has been accomplished 
to offer any prospect of improvement in re- 
sults. A recent paper from the Massachusetts 
General Hospital by Drs. C. E. Welch and 
Arthur W. Allen! reports a five year survival 
rate of 20 per cent in resectable cases which 
probably represents a good average for the 
country; our own five year survival rate is 
not any better (22.3 per cent). This figure is 
one of the poorest five year survival rates, of 
which I am aware, in any field of malignancy 
to which surgery is applicable. 

The early diagnosis of cancer of the stomach 
is not likely to improve very much since, with 
its diminution in gastric acidity, its proneness 
not to produce pylorospasm and the limited 
number of cases in which there is an associated 
hemorrhage, its all-over symptomatology is 
vague. For these reasons it is unlikely that 


1Welch, C. E., and Allen, A. W. Carcinoma of the stomach. 
N. England J. M., 1948, 238: 583-5809. 
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even with better public education many of 
these patients will come to operation much 
sooner than they do at present. 

Unlike cancer of the colon and rectum in 
which Dr. Swinton’, of this clinic, has shown 
that the probable diagnosis can be seriously 
suspected from the history in 97.7'per cent of 
the cases, cancer of the stomach often does not 
produce digestive symptoms of sufficient se- 
verity to send patients to a physician until the 
lesion is in an advanced stage. 

Unlike tuberculosis or cancer of the lung, in 
cancer of the stomach it is not likely that it 
will ever be practical to institute the use of 
routine barium x-ray examination of the 
stomach as a means of attaining earlier 
diagnoses. 

If one will refer to the diagram (Fig. 1), il- 
lustrating the location of the lymph nodes of 
the stomach, it becomes evident that the op- 
eration now routinely performed, subtotal 
gastrectomy, very inadequately fulfills the re- 
quirements for any operation for malignancy, 
that is the ability of the procedure to remove 
the lesion together with the adjacent lymph- 
bearing structures. When one realizes the 
limitations of subtotal gastrectomy in the 
radical removal of carcinoma of the stomach, 
he is not surprised that the five year survival 
rates are no greater than they are. 

For the past few years I have hesitatingly 
stated the above premises at various medical 
meetings. I feel that it is now time to suggest 
more positively that the five year survival rate 
in cancer of the stomach can be improved and 
that we now have a means at hand by which 
there is at least some better prospect of ac- 
complishing this than we formerly had; that 
is, I believe that the universal employment, 
even in early lesions, of total gastrectomy with 
its ability to encompass the lesion and its in- 


*Swinton, N. W., Hare, H. F., and Meissner, W. A. Diagnosis 
of cancer of the large bowel. J. Am. M. Ass., 1949, 140: 463-469. 
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Fig. 1. Note that even high subtotal gastrectomy in 
cancer of the stomach does not fulfill the requirements for 
radicalness in view of the node distribution. 


volved lymph nodes, offers hope for better five 
year survival rates than does the operation 
we now use. 

I have suggested this position in several dis- 
cussions of this subject at surgical society 
meetings but have been reluctant to take this 
radical position positively until, in our own 
personal experience, we had performed a suf- 
ficient number of total gastrectomies over a 
sufficient number of years to be able to answer 
certain critical questions. The first of these is, 
can the mortality of total gastrectomy be 
brought within the range of subtotal gastrec- 
tomy? Dr. Marshall, of this clinic, and I will 
shortly publish our experiences with 133 total 
gastrectomies. We can now report that the 
mortality of total gastrectomy is as low, if not 
lower, than the mortality of subtotal gastrec- 
tomy (total gastrectomy, from 1944 to October 
1949, 58 cases with 6 deaths or a mortality of 
10.3 per cent, from 1947 to 1949, 36 cases with 
3 deaths or a mortality of 8.3 per cent; partial 
gastrectomy, from 1937 to July 1949, mor- 
tality of 9.2 per cent). The three year® sur- 
vival rate of total gastrectomy is as high (21 


3Many of the patients have been operated on too recently to 
obtain more than a three year survival rate. 
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per cent) as the average five year survival 
rate for carcinoma of the stomach treated by 
subtotal gastrectomy. This is of particular 
interest when one realizes that up to now total 
gastrectomy has been reserved only for those 
patients with advanced carcinomas involving 
almost all of the stomach‘. The third question 
which must be answered is, can these patients 
upon whom total gastrectomy has been done 
maintain their strength, their blood picture 
and their weight; can they be fed adequately 
so that they can enjoy life? We now have one 
patient alive twelve years and several for lesser 
periods after operation so that we can answer 
all of the above questions in the affirmative. 

The operation of total gastrectomy is tech- 
nically difficult, much more difficult than that 
of subtotal gastrectomy. That it is not insur- 
mountably difficult is proved by the fact that 
a number of series have been reported from 
various groups over the country with agree- 
ably low mortality rates. It is not the pur- 
pose in this editorial to say that everyone 
who operates upon a patient for cancer of 
the stomach should do a total gastrectomy 
but to propose this more aggressive procedure 
with the hope that it will be done by those 
who by experience, equipment, and training, 
are able to undertake it in a sufficient num- 
ber of cases so that data can be obtained 
with which to determine whether or not it 
will improve the present figures in cases of 
carcinoma of the stomach. 

If we have improved our results in cancer of 
the rectum and colon, in cancer of the bladder, 
in cancer of the uterus, in cancer of the thy- 
roid, and in cancer of the lung as we have, not 
only by earlier diagnoses but by an increase in 
radicalness, we should, I believe, now apply 
the same principles of radicalness to cancer of 
the stomach. We should forsake the relatively 

‘The operations (total gastrectomy) from which these figures 


were determined were all done in cases of cancer of the stomach 
too advanced for subtotal gastrectomy. 


unaggressive procedure of subtotal gastrec- 
tomy for the really aggressive procedure of 
total gastrectomy, which includes thorough 
removal of the gastrohepatic omentum with all 
of its nodes, thorough removal of the nodes be- 
side the esophagus, the removal of the spleen 
with its included chain of nodes between its 
hilum and the stomach, the removal of the 
omentum, the removal of the entire stomach 
and the low resection of the duodenum to in- 
clude the submucosal cancer spread which we 
now know occurs in lesions close to the py- 
lorus. It is time to say, I believe, that we, 
today, when we are able, however radical it 
may sound, should employ this procedure in 
place of the more conservative one which we 
are now using. 

It will require considerable courage and 
discrimination as to their capacity on the 
part of surgeons to apply to the patients with 
early cancer of the stomach the same prin- 
ciples which we have preached for lesions of 
the rectum and colon, that is, the smaller the 
lesion the more aggressive should be the ap- 
proach because the better is the chance for 
cure. So unhappy is the present status of the 
surgery of cancer of the stomach that patients 
submitting to this radical approach have 
nothing to lose by it and everything to gain. 

FRANK H. LAHEY. 


CEREBRAL ARTERIOGRAPHY 


EREBRAL angiography is the visual- 
ization of the vascular system of the 
brain by roentgenologic examination 

during the introduction of radiopaque mate- 
rial into the arterial blood stream. Roentgeno- 
grams of the skull taken within a fraction of a 


second to three or four seconds after the injec- ’ 


tion of radiopaque material into the cervical 
portion of the carotid system visualize the 
ipsolateral intracranial arteries and veins. The 
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arteries of the anterior two-thirds of the circle 
of Willis are supplied by the carotid system 
and those of the posterior one-third by the 
vertebral system. The radiopaque material in 
most instances follows the law of “streamline 
flow.” 

The practical use of cerebral arterial visual- 
ization was first described by Egas Moniz! in 
1927. This procedure immediately opened a 
new field in neurosurgery, namely, the intelli- 
gent surgical attack on the cerebrovascular 
system. 

The author has instituted the procedure in 
well over 1,000 instances without serious se- 
quelae. Isolated cases of untoward results 
have been reported. The lack of serious re- 
sults from the introduction of the radiopaque 
materials is, perhaps, largely due to the fact 
that the injections are made while the patient 
is under pentothal anesthesia. Test doses of 
the material are introduced either in the vein 
or in the conjunctival sac to note any allergic 
manifestations to the contrast media. 

In our early experiences only thorotrast was 
used; however, in the last few years diodrast, 
35 per cent, has been entirely satisfactory. 
Thorotrast is used only if allergic manifesta- 
tions to diodrast have been demonstrated by 
the test dose or if untoward reactions were 
noted from its use in previous intravenous 
pyelography. 

The disadvantages of thorotrast are that it 
is radioactive and is permanently stored in the 
liver and spleen. Because of the small amounts 
used, however, early or late reactions have not 
occurred. Whenever it is found necessary to 
make use of thorotrast, caution must be exer- 
cised in the amount used. Perivascular injec- 
tion causes dense, local scar formation. Dio- 
drast is quickly absorbed and readily excreted 
if a small amount is injected along the arterial 
wall. 

‘Moniz, Egas. Rev. neurol., 1927, 2: 72-90. 
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Cerebral arteriography may be carried out 
by the so called “open” method which necessi- 
tates surgical exposure of the carotid artery in 
the neck. The “closed” or “blind” percu- 
taneous arterial injection is in most instances 
the procedure of choice. This technique was 
first advocated in this country by Loman and 
Myerson.? The open and closed methods are 
also applied in completing the vertebral ar- 
teriograms. 

There are decided advantages to the closed 
method. The patient is not subjected to sur- 
gical exposure of an artery. The procedure 
may be executed rapidly without elaborate 
surgical equipment. Because of its relative 
simplicity it may be used as an adjuvant to 
encephalography if the latter proves to be 
normal. Both tests are employed while the 
patient is under the same anesthetic agent. 

In certain questionable cases the surgeon 
might hesitate to advise arteriography if an 
incision in the neck were necessary to carry 
out a diagnostic test. 

Perhaps the most cogent argument for the 
closed method is that no intracranial aneu- 
rysm, if disclosed by arteriography, should be 
treated until the contralateral cerebral circu- 
lation is visualized and a thorough study made 
of the arteriogram to determine the exact site 
of the aneurysm. A variation of 1 to 2 milli- 
meters might be the basis for deciding on a 
direct intracranial attack, or an indirect at- 
tack by ligation of the internal carotid artery 
in the cervical region. The temptation to li- 
gate the carotid artery because of its availa- 
bility at the time of actual exposure (open 
method) of the artery if an aneurysm is vis- 
ualized on the arteriograms may be great be- 
cause of the desire to save the patient another 
operative procedure. Certainly, the procedure 
of choice in the treatment of an intracrania] 


Loman, J., and Myerson, A. Am. J. Roentg., 1936, 35: 188- 
193. 
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aneurysm is its surgical removal. It is of the 
utmost importance, however, that the patient 
does not become a permanent invalid as a 
result of its surgical removal. Careful study of 
the collateral circulation and determination of 
the exact site of the aneurysm will be rewarded 
with a higher percentage of good results. In 
the intelligent treatment of intracranial aneu- 
rysms arteriography is essential. It demon- 
strates the exact site; it aids in determining 
the adequacy of collateral circulation, and it 
demonstrates multiple aneurysms. Fortu- 
nately, of the 10 per cent of patients (137) 
who have verified intracranial multiple aneu- 
rysms, in my experience the aneurysms were 
bilateral in only 2 per cent. Cerebral arteriog- 
raphy also indicates the surgical procedure of 
choice in the treatment of intracranial aneu- 
rysms. 

In many instances the differential diagnosis 
of cerebral vascular disease and brain tumor is 
difficult. Here again arteriography aids in the 
demonstration of a thrombosis of a major 
cerebral artery. Tumor and hemorrhage are 
indicated by displacement of vessels; in the 
case of hemorrhage, larger vessels are displaced 
and there is an avascular region at the site of 
the hemorrhage. 

Before arteriography was available, throm- 
bosis of the internal carotid artery was usually 
a postmortem finding, in most instances un- 
suspected. Now its presence is readily de- 
termined by arteriography. A certain per- 
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centage of these patients respond favorably to 
excision of a portion of the thrombosed vessels 
and cervical sympathectomy. 

Cerebral arteriography is not a substitute 
for air studies in determining the presence of a 
brain tumor. In many instances arteriography 
proves to be a valuable adjuvant and may be 
instituted simultaneously with the air contrast 
medium. It is of particular value in determin- 
ing the relationship of the larger cerebral ves- 
sels to the tumor or whether a major vessel has 
been thrombosed as a result of the tumor. The 
results of surgical removal of the tumor may 
in some measure be predicted by that knowl- 
edge; they should be measured not only by 
mortality but also by the amount of disability. 
The latter depends to a great degree on the 
blood supply that was destroyed at the time of 
the removal of the tumor. Unfortunately, in 
the past blood vessels were frequently looked 
upon as structures from which bleeding must 
be stopped rather than structures that must be 
saved. 

Cerebral angiography plays an important 
role not only in diagnosis and localization but 
also in prognosis. 

Because of its relative simplicity of execu- 
tion and safety, we confidently anticipate that 
cerebral arterial visualization by means of con- 
trast media will continue to be a valuable ad- 
juvant in the diagnosis and treatment of sur- 
gical lesions involving the brain. 

James L. POPPEN. 
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T IS remarkable how chance linked with 
imagination and initiative has given rise to 
important medical discoveries and achieve- 
ments. A few examples are cited with the 

hope of arousing ambition, stirring the imagina- 

tion and alerting the scientific sense of young men 
and women in the profession of medicine. 

In the second century A.D., Galen of Pergamum 
having spent four years in the Temple medical 
school sought wider knowledge and experience 
through studies abroad. After two years in 
Smyrna and five in Egypt at the famous Alex- 
andrian school he returned to become surgeon to 
the gladiatorial amphitheater, the highest position 
his city could bestow. Here because of his physio- 
logical and anatomical research on living and dead 
animals he was designated ‘The Father of Ex- 
perimental Physiology.” It was while studying 
the intercostal muscles and their innervation that 
he accidentally discovered the recurrent laryngeal 
nerve. Joseph Walsh tells the story as follows: 

“The manner of discovery is evident. The pig was tied 
on the table without an anesthetic, and only kept inter- 
mittently from squealing by the hardy hands of a slave. 
The recurrent laryngeal was cut, and in a dramatic fashion 
the squealing stopped instantly. Further experimentation 
showed that section of it not only prevented the pig from 
squealing, the dog from barking, but all other animals from 
emitting their peculiar cry. 

“As stated, this discovery established for all time that 
the brain is the organ of thought, and represented one of 
the most important additions to anatomy and physiology, 
being probably as great as the discovery of the circulation 
of the blood. If he never did anything but this he would 
deserve a place beside Erasistratus, Herophilus, Vesalius, 
Harvey, and Virchow.” 


Thus the squeal of the pig suddenly silenced by 
an accidental turn of the knife led to a great dis- 
covery. 

In the second quarter of the 16th century Am- 
broise Paré, while on his first campaign as army 
surgeon, ran out of boiling oil, the then accepted 
remedy for gunshot wounds, and found it neces- 
sary to improvise a dressing. Avoiding obvious 
frustration in order to keep the psyche in tune 
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with the soma he treated the “few left to be 
dressed” by applying “‘a digestive made of the 
yolke of an egg, oyle of roses and turpentine.” 
According to his own report, he could not sleep 
because he feared the dressing was unfit and that 
he might awaken to find his patients dead or “‘on 
the point of death by the Poyson of the wound 
....” When he visited his patients early in the 
morning he found that those treated with the sub- 
stitute dressing had been relatively free from pain, 
had slept well and their wounds much less in- 
flamed than those treated with the “scalding oyle.” 
Having compared results and thoroughly tested 
the efficacy of the new remedy he said, “When 
I had many times tryed this in divers others I 
thought this much, that wither I nor any other 
should ever cauterize any wounded with gunshot.” 

John Hunter came to London in the latter part 
of 1748 to work with his famous brother William. 
After 12 years of exacting work in anatomy and 
research, he had a hemorrhage from the lungs. 
Having had experience with consumption in his 
family he was aware of the danger ahead. In 
Biographica Medica, Benjamin Hutchinson says, 

“His health was so much impaired by excessive attention 
to his pursuits, that, in the year 1760, he was advised to go 
abroad, having complaints in his breast, which threatened 
to be consumptive. In October of that year, Mr. Adair, 
inspector-general of hospitals, appointed him a surgeon on 
the staff, and in the following spring he went with the army 
to Belleisle, leaving Mr. Hewsfon to assist his brother 
during his absence. 

“Mr. Hunter served, while the war continued, as senior- 
surgeon on the staff, both in Belleisle and Portugal, till the 
year 1763, and in that period acquired his knowledge of 
gun-shot wounds.” 

When he returned his rich experience was re- 
corded in the famous monograph on gunshot 
wounds. If John Hunter had not spat blood the 
world would have missed the blessing bestowed 
through this monumental contribution. 

It was virtually by chance that William Wither- 
ing, while yet a country doctor at Stafford, began 
his investigations of the old Shropshire grandames 
concoction of twenty herbs leading to the isolation 
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of foxglove in 1775. He learned of its therapeutic 
value through its use in practice and he confirmed 
his conclusions by animal experimentation. Ten 
years later, after he had become a busy practi- 
tioner in Birmingham, only second to Fothergill 
in London, it was a truce with his own tubercu- 
losis leading to physical inactivity and rest in the 
country, that gave him a chance to assemble his 
notes and protocols and to record the action of 
digitalis so minutely and accurately that the ac- 
cumulated experience of 160 years leaves the 
record virtually unchanged. His masterly dis- 
course would serve as a very good guide today. 
Every victim of congestive heart failure “owes a 
cock” to William Withering. 

When Edward Jenner was a medical student in 
the latter half of the 18th century a chance re- 
mark initiated his interest in the idea that cowpox 
might be employed in the prevention of smallpox. 
A young country woman said in his presence that 
she was not afraid of the disease because she had 
had cowpox. In 1772 Jenner embarked upon the 
practice of medicine in Berkley, the place of his 
birth. He found a prevalent belief in the milk- 
maid’s chance remark. This firm belief on the 
part of rural people in the protective influence of 
cowpox against smallpox caused Jenner to launch 
investigations which led to vaccination against 
smallpox. The accrued benefits, direct and indi- 
rect, are beyond computation. It has been said 
that on the average Jenner’s discovery added 214 
years to each man’s life as long as time exists. 

In the first quarter of the 19th century Laen- 
nec’s remarkable genius was encompassing the 
known facts of medicine and making fabulous con- 
tributions to the accumulated knowledge of his 
day. Perhaps his contemplative, alert and ac- 
quisitive mental habits were in part attributable 
to his ill health, and may have been justly as- 
signed to what Ralph Waldo Emerson, a fellow 
sufferer from tuberculosis, referred to as the com- 
pensation of calamity. One day on the rising 
wave of his renown, he was walking in the usu- 
ally well kept gardens of the Louvre and ob- 
served some children playing with a long wooden 
beam. Through his comprehending perception he 
observed that the children at one end of the beam 
by applying their ears to the timber were receiv- 
ing sounds produced by a companion group tap- 
ping and scratching on the other end. Not for- 
getting this accidentally discovered transmission 
of sound, Laennec when confronted with a modest, 
adipose young woman at the old Necker Hospital, 
converted a sheaf of paper into a tight roll, and 
applying one end to the precordial area and the 
other to his ear, he was surprised and delighted 


to hear the beating of the heart much more dis- 
tinctly than by immediate auscultation. Proud 
of having proved a new principle and having pla- 
cated the patient, he said, “I at once saw that 
this means might become a useful method for 
studying, not only the beating of the heart, but 
likewise all movements capable of producing 
sound in the thoracic cavity, and that conse- 
quently it might serve for the investigation of 
respiration, the voice, rales and even possibly the 
movements of a liquid effused into the pleural 
cavity or pericardium.” 

Under the stimulus of these fascinating possi- 
bilities, Laennec fashioned the first wooden cy]l- 
inder with his own hands. Later he discovered 
that the normal and adventitious respiratory 
sounds traveled more readily through a hollow 
cylinder with a flange at each end to facilitate 
satisfactory coaptation to the chest wall and the 
apprehending ear. It may be said that this was 
the crowning event in a remarkable career. In 
his own words, “With this conviction, I at once 
began and have continued to the present time, a 
series of observations at the Hospital Necker. As 
a result I have obtained many new and certain 
signs, most of which are striking, easy of recog- 
nition, and calculated perhaps to render the diag- 
nosis of nearly all complaints of the lungs, pleurae 
and heart, both more certain and more circum- 
stantial, than the surgical diagnosis obtained by 
use of the sound or by introduction of the finger.” 
Thus children at play gave genius a cue and sup- 
plied a name for one of the greatest books in the 
history of medicine, On Mediate Auscultation. 

In the 1840’s easy-going Crawford W. Long in 
the little village of Jefferson, Georgia, not only 
put his four understudies through their precep- 
torial duties but when the day’s work was done 
often he joined in their social pursuits. This hap- 
pened to be the time when demonstrations of the 
effects of laughing gas were becoming popular at 
hilarious quilting parties. His students having 
witnessed the enlivening effects of nitrous oxide 
requested Dr. Long, the small town physician- 
druggist-chemist, to make them some. Instead 
he suggested a medicine capable of producing 
equally exciting effects. This was sulphuric ether 
which delighted his enthusiastic followers. Soon 
ether rivaled the well known laughing gas. 

Dr. Long not only experienced the remarkable 
stimulating effects in his own person but he noted 
that under the stimulating phase of this anesthetic 
agent the exhilarated psyche ruthlessly tossed the 
defenseless soma about, regardless of physical 
hazards, resulting in bumps and bruises which to 
his surprise had been acquired without conscious- 
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ness of pain. Under this experience his mind was 
subconsciously conceiving “victory over pain.” 
Strangely enough, among his patients partici- 
pating in some of the ether frolics was young 
James M. Venable with two small tumors on the 
back of his neck. The young country doctor as- 
sembling the chance elements, almost unwittingly, 
was experiencing the evolution of an epoch-making 
concept. Young Venable having already become 
fond of ether joined Dr. Long in the achieve- 
ment of unsuspected immortality through an 
operation under surgical anesthesia. Victor Rob- 
inson describes the event as follows: 

“It was about James M. Venable that the first use of 
ether and the first instance of complete anesthesia induced 
by it was recorded; and it was Long who administered it 
and performed the excision of the tumorous growth on 
March 30, 1842. But strange to relate, Long appeared to 
have been utterly unaware of the significance of this great 
event, and did nothing to announce his discovery. Years 
later, after ether anesthesia had been universally recognized 
through the efforts of other men, he came forward to claim 
recognition for its first use. 

“Was he endowed with too little ambition or too little 
scientific awareness? Or was it inertia which kept him from 
appreciating the epochal importance of the act performed 
by his own hands, and making it known to mankind? 
Whatever the answers, Long’s first use of ether was of im- 
portance to no one except the four or five patients upon 
whom he used it, and for four years longer ether remained 
unknown and unavailable to the world whose pain it might 
have eased.” 

In 1873 Edward Livingston Trudeau, under the 
pall of tuberculosis, traveled to the Adirondacks 
where his undaunted spirit might again revel in 
the haunts of his hunting and fishing days. 
Stunned by the death of his brother from acute 
pulmonary tuberculosis and saddened by the dis- 
covery of the deadly disease in his own body he 
was virtually without hope. Thus while seeking 
a last faint fling at his favorite pleasures, resting 
at Paul Smith’s with a guide to arrange his sports, 
row his boat and save his energy, he was sur- 
prised to find his strength returning. Through 
this chance discovery of the virtue of rest, food, 
fresh air, relaxation and “the crutch of time’’ in 
the management of tuberculosis he blazed a new 
trail. Victor Robinson said “Franklin preaching 
the gospel of fresh air opened the windows of 
America.” Truly, it may be said that the windows 
of America were not literally opened until Tru- 
deau came practicing the gospel of fresh air and 
pointing the way to recovery. Though buried in 
the wilderness with only fishing and hunting orig- 
inally in mind, he conceived the possibility of a 
cure for tuberculosis and the need of a demon- 
stration; a magnificent conception to be realized 
in a modest but impressive way. This unexpected 
turn in the course of a doctor’s life has brought 
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hope, health and happiness to untold thousands 
and it will continue to bless uncounted generations. 

It has been said that Robert Koch in the long, 
difficult search for the tubercle bacillus, worn by 
the ceaseless pursuit of his quest, accidentally 
overlooked some cultures and after they had re- 
mained for weeks in the incubator he was sur- 
prised to find that his seeming neglect had pro- 
vided sufficient time for the slow evolution of this 
ominous growth which for the first time in the 
history of man was claiming the attention of the 
human eye. The story of Koch’s spectacular dis- 
covery and his perfect presentation of the tubercle 
bacillus to the world are well known. 

The profound effect of this dramatic perform- 
ance left even Virchow speechless. Though still 
supporting the dualists and ever ready for contro- 
versy he walked out of the Berlin Physiological 
Society in the silence of irrefutable conviction. 

In the latter part of 1895 as the physicist W. K. 
Roentgen worked late in his specially appointed 
laboratory for the study of the cathode rays, he 
accidentally discovered a strange fluorescence 
emanating from a barium platinocyanide screen 
resting on a bench. Immediately Roentgen real- 
ized he was observing phenomena hitherto un- 
known to scientific investigators. Inspired by an 
uncanny consciousness of its possibilities he 
worked without sleep and with little sustenance 
until he had forced these silent rays to give up 
many of their significant secrets. Much like Koch 
he worked secretly and persistently with the hope 
of ultimately bringing to the world of science a 
complete report on the marvelous phenomena of 
these remarkable rays. This he succeeded in doing 
and so by accident we now see as man never saw 
before. The influence of the Roentgen ray in 
diagnosis and therapy staggers description. 

The story of Alexander Fleming’s discovery of 
penicillin has been well publicized in this country 
but in connection with our present theme it is 
interesting that this annoying contaminating fun- 
gus demonstrated its ability to inhibit the de- 
velopment and growth of carefully planted bac- 
teria. Ultimately its unfailing characteristics 
were recognized and its bactericidal implications 
heeded. Moved by his keen perception of the in- 
hibiting phenomena Fleming carried on carefully 
planned experiments and evolved the knowledge 
that initiated a new era in the control of infec- 
tious diseases. This keen observer, having made 
full use of an accidental discovery, had the good 
sense to say that if his own laboratory had been as 
free from contaminating influences as those he 
visited in the United States, he might never have 
discovered penicillin. 
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on the subject of the technique of pulmonary 

resection has been answered by Richard H. 
Overholt and Lazaro Langer.’ After years of great 
advances in the field of thoracic surgery the techni- 
que of most of the operative procedures has become 
quite well standardized. The evolution of pulmon- 
ary resection has been dramatic. The lowering of 
the mortality rate for lobectomy from around 40 per 
cent 25 years ago to less than 1 per cent in recent 
series and a comparable, but less spectacular, drop 
in the mortality for pneumonectomy are striking 
evidences of the advances made in this field. That 
the improvement has not been due solely to refine- 
ments in technique is obvious, and in their book the 
authors stress the importance of these other factors 
although the book is primarily concerned with the 
surgical anatomy of the lungs and with the details 
of the operative procedures. 

As in the evolution of other surgical procedures so 
has the evolution of pulmonary resection been char- 
acterized by the development of a technique based 
on a knowledge of the anatomy involved, and of 
the lesions for which it is done. This has made it 
possible to confine the excision of the pulmonary 
tissue to the diseased portions with the least possible 
sacrifice of normal tissue. The authors have made 
frequent, and notable, contributions to the refine- 
ments of resection technique. The resection of 
bronchopulmonary segments of lobes has been as 
fully established now as was the resection of entire 
lobes formerly, and to the authors must be given 
credit for the important roles they have played in 
making this true. 

The book is well arranged and the illustrations are 
excellent. As has already been noted, the book is not 
solely concerned with the technique of pulmonary 
resection. Careful consideration is given to a dis- 
cussion of the preoperative preparation of the pa- 
tient, to anesthesia, to the position of the patient on 
the operating table, to determination of the extent 
of the resection, and to postoperative management. 
In general, these sections reflect the consensus of the 
leaders of thoracic surgery. There are two excep- 
tions. The first is the advocacy of local anesthesia as 
a routine procedure, and the other is the use of the 
prone position for all resections. Few.surgeons will 
agree with the authors that local anesthesia, even 
when combined with intratracheal intubation, is 
preferable to general anesthesia for routine use. As 
to the second exception there is less general agree- 
ment. The authors have repeatedly stressed the 
importance of the prone position for resection of 
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1THE TECHNIQUE OF PULMONARY RESECTION. By Richard H. 
Overholt, M.D., and Lazaro Langer, M.D. Springfield, Ill: 
Charles C Thomas, 1949. 


tuberculous pulmonary tissue. Others, also, have 
used this position for years in such cases, and many 
feel that it plays an important role in preventing the 
early contralateral spread of the disease. The au- 
thors feel that the prone position should be used 
routinely for ali pulmonary resections, regardless of 
the underlying disease. There is evidence that this 
position is better than the lateral one when a resec- 
tion is being done on a patient with a large open 
cavity, or with much bronchial secretion, but there 
is little evidence to show that it is better than the 
supine position which is also used by many thoracic 
surgeons. 

The major part of the book sets forth clearly and 
beautifully the surgical anatomy of the lungs, its 
lobes and bronchopulmonary segments, and then 
gives in a lucid manner the actual detailed technique 
of the resection of these structures. With this ma- 
terial there can be no disagreement. It will be of 
great value to the experienced thoracic surgeon as 
well as to those who are new in this field. 

The time interval between the writing of a book 
and its publication is necessarily a long one and 
frequently it is true that certain statements become 
out of date by the time the book appears in print. 
It is fortunate that the authors of this book have 
been able to overcome this handicap by incorporat- 
ing in it an “afterword,” which must have been 
added just before publication. This section brings 
the book fully up to date and should be carefully read. 

The careful editing of this book is evident in the 
almost complete lack of typographical errors. Only 
one of any importance was noticed during a careful 
reading of the book. Because this will confuse the 
surgeon who is inexperienced in pulmonary resection 
it should be mentioned here that on page 109, in 
the paragraph dealing with the retrograde technique 
in performing a right upper lobectomy, the state- 
ment is made that the lower lobe is “‘infiltrated,” 
when obviously the word should be “inflated.” This 
evidence of careful editing is in keeping with the 
clarity of the entire book and with the excellent 
English in which it is written. This, then, is a book 
for all interested in surgery of the chest, whether he 
performs pulmonary resections or not. It isan impor- 
tant contribution to the literature on thoracicsurgery. 

RicHarp H. MEADE, JR. 


8 ing main report, Volume 1 of Army Foot Survey; 
an Investigation of Foot Ailments in Canadian 
Soldiers,? represents a discussion of the foot problem 
at the reception and training centers—disabilities 


2Army Foot SuRVEY; AN INVESTIGATION OF Foot AILMENTS 
IN CANADIAN SotpreRS. By Colonel R. I. Harris, M.D., 
R.C.A.M.C., and Major T. Beath, R.C.A.M.C. Ottawa: Na- 
tional Research Council of Canada, 1947. 
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encountered on the field and the design and fitting 
of footwear. The need for uniform methods of exam- 
ination was recognized and the plan of study is dis- 
cussed in detail. The data are presented in three 
categories. First, the incidence and nature of foot 
defects found at reception centers are described. 
Second, the problem of flat foot, and third, the hyper- 
mobile flat foot with short tendo achillis are pre- 
sented. The data are analyzed with the various 
accompanying deformities including hallux valgus 
and rigidus, hammer toes, spurs, exostoses, accessory 
scaphoid calluses and skin lesions, short first meta- 
tarsal, position of the sesamoids, and hypermobility 
of the first metatarsal segment. The management 
and treatment of foot disabilities are described and 
evaluated. 

Volume 2 consists of appendices which explain in 
detail the methods employed in the survey as men- 
tioned in Volume 1, also numerous charts, graphs, 
and tables containing the information on which the 
discussion and conclusions of Volume 1 are based. 

Emi D. W. Hauser. 


lh years ago when Markowitz published 
Textbook of Experimental Surgery, it filled a real 
need. It was the only volume of its kind in English 
and has been of great value. With the ever increasing 
use of the experimental approach to surgical prob- 
lems a second edition,' incorporating recent develop- 
ments, was indicated, 

Each chapter contains a good discussion of the 
physiological principles to be demonstrated by the 
surgical exercises, and with their relation to clinical 
surgery. Abdominal surgery predominates but there 
are chapters on bone, heart, brain, blood vessels, 
autonomic nervous system, and transplantation of 
organs. The chapter on experimental surgery of the 
liver is superlative as would be expected since the 
author has contributed extensively in this field. 

Some outdated material has been deleted and a 
portion of the recent developments added. Vagus 
section, a physiologic operation for peptic ulcer, is 
noted. Blalock’s blood vessel surgery and the portal 
hypertension operations of the New York group are 
discussed. The section on shock has been enlarged 
to include the knowledge stemming from the war. 

The author disclaims publishing a compendium 
but a fuller discussion of transthoracic operations 
and of the anesthetic problems involved would seem 
desirable since much experimental work is now being 
done in this region. Nor does he seem aware of the 
feasibility, and efficacy in decreasing mortality, of 
routine whole blood transfusion in animals operated 
upon. 

There are nearly 600 references, many new since 
the first edition, representing most of the important 
contributions to the subjects covered. The book 
thus is a good “‘jumping-off place” to the literature. 
The illustrations are many (330) and uniformly good. 

1EXPERIMENTAL SURGERY, INCLUDING SURGICAL PHYSIOLOGY. 


By J. Markowitz, M.B.E. 2d ed. Baltimore: The Williams 
& Wilkins Co., 1949. 
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The few and minor shortcomings do not alter the 
fact that this is a very excellent book for all clinicians 
doing experimental surgery, and for physiologists 
using the approach of Claude Bernard. Medical stu- 
dents, as well, will find it of value. The book is highly 
recommended. E. H. Storer. 


oh. surgeon is always pleased to have a book in 
which he can find authoritative information on 
the various subjects of his interest. 

Dr. Cole, besides being a contributor, has brought 
together in the volume Operative Technic in Gen- 
eral Surgery? the writings of 34 distinguished sur- 
geons whose expressed opinions result from long- 
standing knowledge and use of the procedures ad- 
vocated. It is difficult to know what every master 
does in a certain disease circumstance, but one should 
be well acquainted with the teachings of afew. The 
tenets of this group of surgeons can serve as a back- 
ground, a standard for the reader in his judgment of 
what he will do with his own patients. 

The format of the book is good. It is well bound; 
the paper is of quality; the printing easy to read; 
and the illustrations are simple and adequate. The 
content begins with the basic propositions of wound 
healing and care, hemorrhage and shock, preopera- 
tive and postoperative management, and then takes 
up surgical diseases of various organs. The writings 
vary somewhat as to the detail in which the subject 
is presented, and one needs detail, but all are of 
great value. In some instances additional references 
are supplied. The use of the sulfonamides and 
antibiotics is mentioned for most surgical infections, 
but is not discussed for peritonitis. This is not 
actually “technique” but is so important that one 
would like to see such information immediately at 
hand. The technique given represents the most re- 
cent opinion of the various contributors as stated in 
the current literature. A truly tremendous amount 
of valuable information is offered and important 
small points are emphasized. 

This volume is a welcome and most valuable addi- 
tion to “operative technique,” and the busy surgeon 
needs just such a ready reference to support the 
procedures of his daily practice. It is highly recom- 
mended for both the graduate student and the 
accomplished surgeon. Wa ter G. Mappocx. 


HE Manual of Medical Emergencies* by S. C. 
Cullen and E. G. Gross is a small handbook of 
value to the doctor, anesthetist, nurse, or anyone 
who deals with medical emergencies. It discusses in 
a concise but scientific and thorough manner the 
management of the common emergencies occurring 
in and out of the hospital and those occurring in the 
operating room. These conditions, though common, 
are usually of rare occurrence in the experience of 
2OPERATIVE TECHNIC IN GENERAL SURGERY. Edited by Warren 
H. Cole, M.D., F.A.C.S. Introduction by Frank H. Lahey, 
M.D., F.A.C.S. New York: Appleton-Century-Crofts, Inc., 1940. 
3MANUAL OF MEDICAL EMERGENCIES. By Stuart C. Cullen, 


M.D., and E. G. Gross, M.D. Chicago: The Year Book Pub- 
lishers, Inc., 1949. 
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any one individual, with the result that one is likely 
to have forgotten the proper action to meet the 
particular emergency. 

The book is small, concise, and direct, and though 
there may be more than one method of dealing with 
a certain situation the best method is given first. 
An occasional review will serve to keep that method 
in mind for a time of emergency. The material ad- 
heres precisely to the aims and principles of the 
book. The methods and suggestions given are good; 
for some emergencies there may be better treatment, 
but those described will serve the purpose adequately 
and save the doctor regret and much embarrassment 
and possibly ward off disaster for the patient. 


The sections on artificial respiration and circula- 
tory emergencies are most valuable. The surgeon 
confronted with sudden cardiac arrest must act 
without a moment’s delay and the anesthetist must 
be ready to maintain respiration. Time here is 
important. There is no opportunity to discuss ways 
and means or to consult authorities. 

In addition, there are sections on acute poisoning, 
drug reactions, head injuries, allergic disturbances, 
and central nervous system disorders. Chapter 10 
deals with common emergencies such as gastric dila- 
tation, burns, sun strokes, etc. For each condition 
discussed a definite effective method of treatment 
is given. T. Bote. 
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